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PEEFACE. 


The  Lecture  JTotes  for  Chemical  Students,  already  published  by- 
one  of  us,  and  now  in  their  third  edition,  were  always  intended  to 
be  the  precursors  of  text  books  on  Mineral  and  Organic  Chemistry. 
The  present  volume  fulfils  this  intention  so  far  as  Inorganic 
Chemistry  is  concerned.  It  is  constructed  on  those  principles  of 
Classification,  Nomenclature,  and  Notation  which,  after  an  experi- 
ence of  nearly  twenty  years,  have  been  found  to  lead  most  readily 
to  the  acquisition  of  a  sound  and  accurate  knowledge  of  elementary 
chemistry. 

In  the  Introduction  we  have  endeavoured  to  present  to  the 
student  a  connected  account  of  the  chief  chemical  theories  at  pre- 
sent prevailing,  introducing  only  so  much  descriptive  matter  as  is 
necessary  for  the  elucidation  of  the  subject.  Afterwards,  in  the 
descriptive  part  of  the  work,  the  necessary  references  to  the  theo- 
retical portion  are  given.  In  some  of  the  theoretical  sections,  we 
have  followed  modes  of  treatment  adopted  by  H.  Kopp,  Lothar 
Meyer,  and  Naumann  in  their  well-known  works.  "We  have  also 
to  express  our  obligations  to  Fittig's  excellent  "Grundriss  der 
unorganischen  Chemie." 

Although  it  would  be  out  of  place,  in  an  elementary  work  like 
the  present,  to  impart  detailed  instruction  in  the  technical  appli- 
cations of  chemistry,  we  have  not  hesitated  to  give  brief  outlines 
of  some  of  the  more  important  of  these  applications. 

NoEMAt  SoHooii  OP  Science  and 
Royal  School  op  Mines, 

South  Kensington,  London. 
September,  1884. 
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INTRODUCTION. 


CHAPTEE  I. 

MATTER  AND  FOKCE. 

In  the  most  cursory  observation  of  the  objects  surrounding  us,  our 
attention  is  aiTested  by  two  things — matter  and  motion.  We  see 
clouds  drifting  over  our  heads  and  rain  falling  from  these  clouds. 
The  descending  water  flows;  in  river  beds  or  plunges  in  cataracts 
down  precipices^  maliihg  its  way  in  both  cases  to  the  sea.  The 
surface  of  that  sea  is  in  constant  motion,  whilst  ships  driven  by 
wind  or  steams  make  their  way  through  its  waters.  On  land, 
animal  life  everywhere  exhibits  matter  in  motion.  The  air  is  rarely 
still,  and  manyofl  the  heavenly  bodies  are  constantly  changing  their 
places  in  the'  sky.  All  this--  we  cannot  help  observing ;  a  some- 
what more  minute-  examination,  however;  shows  us  that  matter  not 
only  thus  suffers  a.  change  of  place,,  but  that  it  also  frequently 
undergoes  other  changes.-  Thus  water  becomes  ice  or  steam,  iron 
rusts,  coal  burns,  and  certains  substances  such  as<  glass  and  sealing- 
wax  acquire,  when  rubbed!,  tiie  propenty  of  attracting  light 
bodies. 

Now  this  motion  of  matter,  and  these  changes  which  matter 
undergoes,  are  all  brought  about  by  what  is  termed  foi-ce.  This 
force  assumes  several  different  forms,  whicti  are  sometimes  regarded 
and  generally  described  as  distinct  forces  : — thus  the  transfor- 
mation of  water  into  ice  and  steam  is  due  to  the  operation  of 
two  of  these  forces  which  act  antagonistically  to  each  other,  and 
are  termed  cohesion  and  heat ;  the  rusting  of  iron  and  the  burning 
of  coal  are  brought  about  by  chemical  force ;  the  impression  pro- 
duced upon  the  eye  by  the  combustion  of  coal  is  due  to  ligM ;  the 
attractive  power  of  the  glass  and  sealing-wax  is  the  effect  of  'the 
electric  force;  whilst  the  motion  of  the  heavenly  bodies  and  that 
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of  water  from  the  clouds  to  the  sea  are  the  result  of  the  action  of 
a  force  called  gravity. 

The  department  of  knowledge  which  deals  with  these  pheno- 
mena is  termed  Natural  Science. 

Natural  science  studies  and  investigates  the  whole  range  of 
sensible  objects.  "  It  teaches  us  the  properties  Of  these  objects  and 
the  various  changes  which  they  undergo,  either  in  the  ordinary 
course  of  nature  or  by  the  application  of  extraordinary  and  arti- 
ficial means.  This  vast  field  of  observation  and  research  has  been 
divided  into  two  great  sections,  viz. : — 

1.  Statical  sciences. 

2.  Dynamical  sciences. 

The  statical  sciences  study  objects  in  a  state  of  rest  with 
reference  to  their  form,  magnitude,  situation,  structure,  and  other 
properties ;  such  branches  of  science  are  Descriptive  Astronomy 
and  Geology,  Mineralogy,  Botany,  Zoology,  Animal  and  Vegetable 
Anatomy. 

The  dynamical  sciences  take  into  consideration  the  changes  to 
which  sensible  objects  are  subject.  They  are  sub-divided  into  two 
groups.  The  first  group  studies  these  changes  without  reference  to 
their  causes:  such  are  Physical  Astronomy  and  Geology,  and 
Animal  and  Vegetable  Physiology.  The  second  group  investigates 
the  changes  which  bodies  undergo  with  special  reference  to  the 
causes  of  such  changes.  These  are  Physics  and  Chemistry.  This 
classification  of  the  natural  sciences,  however,  must  not  be  taken 
in  too  strict  a  sense,  especially  in  the  case  of  the  second  section, 
for  the  astronomer  and  geologist  are  nowadays  rarely  content  to 
observe  changes  without  imjuiring  into  their  causes :  the  same  is 
still  more  frequently  the  case  with  the  physiologist,  and  thus 
physics  and  chemistry  are  continually  appealed  to  in  the  develop- 
ment of  astronomy,  geology,  and  physiology. 

The  force  to  which  the  phenomena  of  chemistry  are  primarily 
ascribed,  and  which  is  commonly  termed  chemical  affinity,  is  there- 
fore closely  associated  with  the  other  great  forces  of  nature,  but  it 
is  sharply  distinguished  from  them,  in  the  first  place,  by  producing 
permanent  changes  in  the  properties  of  the  bodies  subject  to  its 
action.  The  other  forces  do  not  permanently  alter  the  properties 
of  matter,  but  when  substances  are  brought  under  the  influence  of 
chemical  force,  they  are  scarcely  if  at  all  afterwards  recognisable 
by  the.  unaided  senses.    The  presence  of  the  bright,  hard,  colourless 
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and  heavy  metal  iron,  could  not  even  be  suspected  in  the  dull,  soft, 
brown,  and  comparatively  light  rust,  into  which  it  is  converted  by 
exposure  to  the  air ;  still  less,  perhaps,  could  the  rust  be  credited 
with  the  presence  of  the  colourless  and  invisible  gas,  oxygen,  which 
is  held  in  combination  with  the  iron  by  chemical  energy.  The 
change  is  such  as  is  not  produced  by  mixture  only.  Mechanical 
mixture,  however  intimate,  does  not  conceal  the  properties  of  iron 
and  sulphur,  for  instance.  The  magnetic  quality  of  the  iron  is  as 
marked  as  ever,  and  the  two  constituents  may  be  distinguished 
and  even  separated  from  each  other  under  the  microscope.  But 
after  these  substances  have  been  subjected  to  chemical  action,  the 
most  powerful  microscope  is  incompetent  to  detect  either  sulphur 
or  iron,  and  the  magnetic  property  of  the  metal  almost  entirely 
disappears.  This  change  of  properties  is  manifested  in  various 
ways :  sometimes  liquids  or  gases  are  converted  into  solids,  or  vice 
versd,  sometimes  a  change  in  colour,  taste,  odour,  or  medicinal  pro- 
perties is  produced,  and  there  is  always  a  change  of  temperature, 
sometimes  in  the  direction  of  heat,  and  sometimes  in  that  of  cold. 
With  all  these  changes,  however,  there  is  never  the  slightest  altera- 
tion in  the  weight  of  the  materials  operated  upon. 

In  the  second  place,  chemical  affinity  cannot  act  througli  an 
appreciable  intervening  space.  Heat,  light,  and  electricity  affect 
bodies  at  considerable  distances,  whilst  gravity  acts  through  spaces 
inconceivably  great ;  but  if  two  substances,  between  which  the 
chemical  force  is  energetically  exerted  when  they  are  in  contact, 
be  placed  at  the  smallest  appreciable  distance  from  each  other,  no 
chemical  action  whateyer  occurs,  even  after  they  have  been  in  close' 
proximity  for  years.  Of  all  other  forces,  cohesion  alone  requires 
this  intimate  contact.  If  two  pieces  of  plate  glass  be  gently  placed 
one  upon  the  other,  the  slightest  effort  suffices  to  separate  them, 
but  if  they  be  pressed  together,  they  markedly  cohere,  and  if 
strongly  pressed  for  a  long  time,  they  can  no  longer  be  separated. 
The  two  pieces  have  become  one  by  cohesion,  but  the  properties  of 
the  glass  are  unaltered,  and  cohesive  action  is  thus  sharply  distin- 
guished from  chemical  action. 

The  most  distinguishing  characteristic  of  the  chemical  force 
however,  is  the  limitation  of  its  action  to  fixed  and  definite  quanti- 
ties of  matter.  Each  chemical  compound  not  only  always  contains 
the  same  kinds  of  matter,  but  its  constituents  are  always  present 
in  exactly  the  same  proportions,  although  the  specimens  of  the 
compound  may  have  been  derived  from  the  most  widely  different 
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sources.  Thus  water  obtained  from  melting  snow,  from  rain,  from 
steam  or  from  the  artificial  combination  of  its  constituents,  always 
consists  of  oxygen  and  hydrogen  in  the  proportion  of  one  part  by 
weight  of  the  latter  to  eight  parts  of  the  former.  Again,  common 
salt,  whether  obtained  naturally  from  the  mines  of  Cheshire  or 
Poland,  from  the  brine  springs  of  Germany  or  America,  from  the 
salt  lakes  of  Eussia  or  Australia,  from  sea  water,  or  prepared 
artificially  from  its  constituents,  always  consists  of  chlorine  and 
sodium  in  the  proportion  of  35-5  parts  of  the  former  to  23  parts 
of  the  latter.  When  two  bodies  combine  chemically  or  become 
united  together  by  the  chemical  force,  they  do  so  in  fixed  and  definite 
proportions. 

The  materials  composing  our  universe  are  bound  together  by 
a  force  which,  whether  regarded  as  attraction  or  as  pressure,  pro- 
duces three  sets  of  phenomena  differing  so  much  from  each  other 
as  to  lead  to  their  being  commonly  referred  to  three  of  the  distinct 
forces  already  mentioned.  One  of  these  is  gravitation,  which  acts 
through  distances  inconceivably  great.  The  second  is  cohesion, 
which  acts  only  through  spaces  too  small  to  l)e  measured.  The 
third  is  chemical  attraction  or  chemical  affinity  wliich,  like  cohe- 
sion, also  acts  through  distances  too  small  to  be  measured,  but 
which,  as  already  mentioned,  is  distinguished,  both  from  gravita- 
tion and  cohesion,  by  producing  a  change  of  properties  in  the 
matter  upon  which  it  acts. 

Thus  a  lump  of  ice  presses  towards  the  centre  of  the  earth,  ' 
being  pulled  in  that  direction  by  the  attraction  of  gravitation, 
which  can  be  overcome  by  mechanical  means. 

The  lump  of  ice  is  made  up  of  smaller  pieces,  for  it  can  be 
broken  up  into  an  immense  number  of  particles  by  mere  mecha- 
nical effort,  and  thus  cohesive  attraction,  like  gravity,  is  overcome 
by  mechanical  means ;  but  only  partially,  for  each  particle  is  made 
up  of  smaller  particles  still  bound  together  by  the  same  force. 

If,  however, heat  be  applied  to  the  ice,  another  well  marked  step 
in  the  conquest  of  cohesion  is  gained,  and  liquidity  is  induced — a 
condition  in  which  the  particles  of  the  water  move  freely  about 
and  amongst  each  other.  But  even  here  cohesion  is  not  completely 
vanquished,  and  the  particles  still  cling  to  each  other  with  a  con- 
siderable amount  of  tenacity.  By  the  application  of  a  greater 
amount  of  heat,  the  complete  conquest  of  cohesion  is  at  last 
achieved.  In  the  condition  of  steam,  the  particles  of  water  no 
longer  stick  together:  they  are  entirely  freed  from  all  cohesive 
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force,  and  are  only  restrained  from  flying  asunder  to  infinite  dis- 
tances by  gravitation  and  external  impediments. 

In  all  these  operations,  the  properties  of  the  water  have  not 
been  essentially  or  permanently  altered.  Even  steam  is,  like  water, 
uninflammable  and  incapable  of  suiDporting  combustion.  More- 
over, on  cooling,  it  is  reconverted  into  water  with  all  its  properties 
unimpaired. 

By  heat,  cohesion  has  thus  been  gradually  but  completely  over- 
come, and  the  question  now  arises,  can  any  further  effect  be  pro- 
duced upon  water  by  the  same  agent  ?  Experiment  answers  this 
question  in  the  affirmative,  for  if  steam  be  subjected  to  the  intense 
heat  of  a  stream  of .  electric  sparks,  it  is  resolved  into  a  mixture  of 
oxygen  and  hydrogen  gases  which  refuses  to  condense  to  water  on 
cooling,  and  which  explodes  by  contact  with  flame.  The  proper- 
ties of  the  steam  have  thus  been  entirely  altered,  and  by  this  in- 
tense heat  another  remarkable  step  has  been  taken  in  the  conquest 
of  attractive  force ;  each  particle  of  steam  has  been  broken  up,  and 
'  by  the  change  of  properties  which  has  followed  the  rupture,  the 
attraction  overcome  is  recognised  as  that  of  chemical  affinity. 

The  attractive  forces  thus  operating  within  a  mass  of  ice  are 
enormous.  They  may  be  expressed  in  terms  either  of  heat  or  of 
mechanical  effort.  In  terms  of  heat  ice  requires  as  much  heat  to 
melt  it,  that  is  to  convert  it  into  liquid  and  ice  cold  water,  as 
would  raise  the  temperature  of  an  equal  weight  of  water  from  0°  C. 
to  79 '2°  0.  Water  at  0°  requires  to  convert  it  into  steam  as 
much  heat  as  would  raise  its  temperature  to  637°  C.  if  no  steam 
were  formed.  But  the  separation  of  the  oxygen  from  the  hydrogen 
absorbs  as  much  more  heat  as  would  raise  the  temperature  of  the 
steam  to  10,315°  C.  if  no  separation  occurred.  In  terms- of  mecha- 
nical effort  the  force  required  to  convert  9  lbs.  of  ice  into  water  is 
equal  to  that  required  to  raise  a  weight  of  one  ton  to  a  height 
of  433  feet,  to  overcome  the  remaining  cohesion  and  convert  the 
water  into  steam  requires  a  force  sufficient  to  raise  one  ton  to  a 
height  of  2,900  feet,  whilst  the  power  required  for  the  separation 
of  the  two  constituents  of  steam  would  raise  one  ton  to  a  height  of 
no  less  than  22,320  feet.  ^ 
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CHAPTER  II. 

ELEMENTS  AND  COMrOUNDS. 

All  kinds  of  matter  which  we  meet  with  on  the  earth  may  be 
divided  into  two  classes,  those  which  are  capable  of  resolution 
into  other  simpler  kinds  of  matter,  and  those  which  defy  our 
attempts  so  to  resolve  them.  The  former  are  termed  compoionds ; 
the  latter,  simple  bodies  or  elements.  For  example,  if  red  oxide 
of  mercury  be  heated,  the  heat  will  exert,  as  in  the  case  of 
steam  already  described,  a  disintegrating  or  decomposing  action: 
the  red  oxide  will  break  up  into  two  substances —  a  colourless  gas, 
oxygen ;  and  a  white  heavy  liqiiid,  mercury.  If  the  mercury  and 
the  oxygen  be  carefully  weighed,  it  will  be  found  that  their  weights 
are  together  exactly  equal  to  that  of  the  oxide  of  mercury  employed  ; 
from  which  it  may  be  concluded  that  none  of  the  products  of 
decomposition  have  escaped  observation — that  the  liquid  metal 
and  the  colourless  gas,  and  nothing  beyond  these,  went  to  make 
up  the  red  powder.  This  opinion  is  confirmed  by  the  fact  that  it 
is  possible,  under  suitable  conditions,  to  reproduce  the  red  powder 
from  oxygen  and  mercury.  The  process  of  resolving  a  com- 
pound into  its  constituents  is  knoAvn  as  analysis ;  that  of  building 
it  up  from  its  constituents  is  termed  synthesis. 

Eed  oxide  of  mercury  is  therefore  a  compoimd,  and  its  com- 
ponents are  mercury  and  oxygen.  Can  these  components  be  re- 
solved into  still  simpler  bodies  ? 

The  answer  is,  the  resources  of  chemical  science  have  not  as 
yet  been  able  to  effect  any  such  resolution.  Both  mercmy  and 
oxygen  may  be  brought  into  union  with  various  other  bodies,  and 
may  be  led  by  complicated  processes  from  one  combination  to 
another;  but  at  the  end  of  their  course  they  always  emerge 
unchanged,  and,  if  they  do  possess  constituents,  none  of  these  have 
been  dropped  by  the  way.  As  no  other  kinds  of  matter  can  be 
extracted  from  them,  it  is  agreed  to  regard  them  as  elements. 

It  is  quite  possible  that  the  elements  merely  denote  the  present 
limits  to  our  powers  of  effecting  chemical  decomposition.  The 
only  criterion  which  we  have  of  the  elementary  nature  of  a  body 
is,  as  above  stated,  the  purely  negative  one  of  our  inal^ility  to 
decompose  it;  and  the  history  of  the  science  shows  us  that  this 
criterion  is  not  necessarily  tnistworthy. 
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The  following  is  a  list  of  the  seventy  elements  at  present 
recognised.  The'^twenty-two  most  important  of  these  are  distin- 
guished by  the  largest  type,  those  next  in  importance  by  medium 
type,  whilst  the  names  of  elements  which  are  either  of  rare  occur- 
rence, or  of  which  our  knowledge  is  very  imperfect,  are  printed  in 
small  type : — 


Name. 


ALUMINIUM 

Antimony   

Arsenic  

Barium   

Beryllium   , 

Bismuth  , 

Boron  

BROMINE  . . . , 

Cadminrn  

Csesium   

CALCIUM  ... 

CARBON  

Cerium. . ,  , 

CHLORINE  ., 

Chromium  

Cobalt   

COPPER  

Decipium  

Didymium   

Erbium  

FLUORINE  . . . 

Gallium   

Gold  

HYDROGEN . . 

Indium  

IODINE     .  . 

Iridium   

IRON  

Lanthanum  

LEAD   

Lithium   

Magnksium.  . 
MANGANESE 
MERCURY..., 
Molybdenum  .  ,  . , 


Sjinbol.^ 


Al 

Sb 

As 

Ba 

Be 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

Dp 

Di 

Er 

P 

Ga 

Au 

H 

In 

I 

Ir 

Fe 

La 

Pb 

Li 

Mg 

Mti 

llg 

Mo 


Atomic 
weight.* 


27 
120 

75 
137 
9 

208-2 
11 

80 
112 
133 

40 

12 
140-5 

35  -5 

52 

58-6 
63-2 

159 

146 

165-9 
19 

68-8 
196 
1 

113-4 
127 
192-5 
56 

138-5 

206  5 
7 

24  '4 
55 
200 
95  •  5 


Name. 


Nickel   . 

Niobium  

NITROGEN  .. 

Norwegium  

Osmium   

OXYGEN    . . . . 

Palladium  

PHOSPHORUS 
Platinum  .... 
POTASSIUM  . . 

Rhodium  

Rubidium  ...... 

Ruthenium  

Samarium   

Scandium   

Selenium  

SILICON  

SILVER   

SODIUM  

Strontium  

SULPHUR   

Tantalum  

Tellurium   

Terbuim  

Thallium  

Thorium  

Tin  

Titanium  . .  .... 

Tungsten   

Uranium  

Vanadium   

Ytterbium   

Yttrium  

ZINC  

Zirconium   


Symbol. 

Atomic 
weiglit. 

Ni 

58-6 

Nb 

94 

N 

14 

Ng 

214 

Os 

198-6 

0 

16 

Pd 

105-7 

P 

31 

Pt 

194-4 

K 

39 

Rh 

104 

Rb 

85  -3 

Ru 

104 

Sm 

150 

Sc 

44 

Se 

79 

Si 

28-2 

Ag 

107  7 

Na 

23 

Sr 

87-5 

S 

32 

Ta 

182 

Te 

125 

Tb 

148-8 

Tl 

204 

Th 

233-4' 

Sn 

118 

Ti 

48 

W 

184 

U 

238-5 

V 

51  -3 

Yb 

172 -8 

Y 

89-8. 

Zn 

65-3 

Zr 

90 

*  For  an  explanation  see  Chapter  VIII. 
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It  is  usual  to  divide  these  elements  into  two  great  classes — 
metals  and  non-metals,  the  latter  being  sometimes  also  termed 
metalloids.  The  division  is  a  somewhat  arbitrary  one,  and  the 
boundary-line  between  the  two  classes  has  been  variously  drawn 
by  different  chemists.  Arsenic,  selenium,  and  tellurium  have 
been  assigned  to  either  category,  according  as  the  physical  or  the 
chemical  characteristics  formed  the  basis  of  the  classification. 
Hydrogen,  on  the  strength  of  its  physical  properties,  is  almost 
invariably  classed  as  a  non-metal ;  but  its  entire  chemical  beha- 
viour would  lead  to  its  being  placed  among  the  metals.  An 
arrangement  of  the  elements  in  their  electro-chemical  order,  or  a 
division  into  well-marked  chemical  groups,  would  perhaps  be  more 
logical. 


CHAPTER  III. 

CHEMICAL  NOMENCLATURE. 

The  study  of  every  science  necessitates  an  acquaintance  with  the 
system  of  names  and  peculiar  modes  of  expression  which  have  been 
found  most  convenient  to  denote  the  materials  and  to  describe  the 
phenomena  which  form  its  objects.  Such  names  and  modes  of 
expression  constitute  the  groundwork  of  the  language  of  every 
science,  and  upon  the  right  employment  of  these  depend  tlie  pre- 
cision and  accuracy  of  scientific  definition. 

The  nomenclature  of  a  science  ought  to  be  distinguished  by 
clearness  and  simplicity ;  but  it  is  by  no  means  easy  to  secure  these 
conditions  in  a  science  like  chemistry,  where  the  rapid  progress  of 
discovery  necessitates  the  continual  addition  of  new  and  the  fre- 
quent alteration  of  old  names.  The  chemical  name  of  a  substance 
should  not  only  identify  and  individualise  that  substance,  but  it 
should  also  express  the  composition  and  constitution  of  the  body, 
if  a  compound,  to  which  it  is  applied.  The  first  of  these  conditions 
is  readily  attained  ;  but  the  second  is  much  more  difficult  to  secure, 
inasmuch  as  our  ideas  of  the  constitution  of  chemical  compounds— 
of  the  mode  in  which  they  are  built  up  as  it  were— require  fre- 
quent modification.  On  this  account  all  attempts  to  frame  a  per- 
fectly consistent  system  of  chemical  nomenclature  have  hitherto 
been  only  partially  successful 
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The  names  of  tlie  elements  can  scarcely  be  said  to  have  been 
given  according  to  any  rule ;  many  of  them  are  derived  from  some 
prominent  property  of  the  bodies  themselves,  wliilst  others  have  a 
mythological  origin.  An  attempt  has  been  made  to  distinguish 
the  metals  by  the  termination  uvi,  as  potassium,  sodium,  &c. ;  but 
the  common  metals,  such  as  gold,  copper,  and  iron,  still  retain  their 
original  names ;  and  one  substance,  selenium,  which  at  the  time  of 
its  discovery  was  regarded  as  a  metal,  has  been  suffered  to  retain 
its  name  unchanged,  although  further  research  has  divested  it  of 
all  metallic  attributes.  An  important  group  of  electro-negative* 
non-metals — ^fluorine,  chlorine,  bromine,  and  iodine — have  received 
the  termination  ine;  three  are  distinguished  by  the  terminal 
syllable  on,  viz.,  carbon,  silicon,  and  boron ;  and  three  others  have 
ffenjov  their  final  syllable,  viz.,  oxygen,  hydrogen,  and  nitrogen, 
these  last  names  being  derived  from  Greek  words  denoting  the 
property  possessed  by  these  elements  of  generating  respectively 
acid,  water,  and  nitre. 

When  two  elementary  bodies  unite  together,  they  form  a 
chemical  compound  of  the  first  order,  to  which  the  name  Unary 
compound  has  been  applied.  The  names  of  these  compounds  are 
formed  from  those  of  their  constituents,  the  name  of  the  positive* 
constituent  or  some  abbreviation  thereof,  with  the  termination  ic, 
preceding  that  of  the  negative*  constituent,  wliich  is  made  to  ter- 
minate in  ide,  thus  : — 

Potassium  and  Sulphur  form  Potassic -sulphide. 
Sodium       „   Oxygen     „    Sodic  oxide. 
Silver         „   Chlorine    „    Argentic  chloride. 
2inc       .    „   Iodine      „    Zincic  iodide. 
Calcium      „   Chlorine    „    Calcic  chloride. 

But  the  same  elements  frequently  form  with  each  other  two 
compounds,  in  which  case  the  one  which  contains  the  smaller  pro- 
portion of  the  negative  element  is  distinguished  by  changing  the 
terminal  syllable  of  the  name  of  its  positive  constituent  into  ous, 
the  terminal  ic  being  retained  for  the  compound  containing  the 
larger  proportion  of  the  negative  element.    Thus  :— 

One  atom  of  tin  and  two  atoina  of  chlorine  form  stannous  cliloride. 
One  atom  of  tin  and  four  atoms  of  chlorine  form  stannic  chloride. 

Sometimes,  however,  the  same  elements  form  with  each  other 

*  Si-e  Electrolysis,  Chapter  XIT. 
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more  than  two  compounds.  In  these  cases  the  prefixes  hypo  and 
per  are  employed  as  further  marks  of  distinction ;  but  their  use  is 
very  rarely  required. 

If  a  binary  compound  contains  oxygen,  and  forms  an  acid  when 
made  to  unite  with  water,  or  a  salt  when  added  to  a  base,  it  is 
'termed  an  anhydride.    Thus  : — 

One  atom  of  carbon  and  two  atoms  of  oxygen  form  carbonic  anliydride. 
Two  atoms  of  nitrogen  and  five  atoms  of  oxygen  form  nitric  anhydride. 
Two  atoms  of  nitrogen  and  three  atoms  of  oxygen  form  nitrous  anhydride. 
One  atom  of  sulphur  and  three  atoms  of  oxygen  form  sulphuric  anhydride. 
One  atom  of  sulphur  and  two  atoms  of  oxygen  form  sulphurous  anhydride. 

In  the  following  cases,  the  systematic  names  have  not  displaced 
the  trivial  and  irregular  names  used  for  the  same  substances ; — 

Systematic  name.  Trivial  or  irregular  name. 

Hydric  oxide   Water, 

Hydric  sulphide   Sulphuretted  hydrogen. 

Hydric  selenide   Seleniuretted  hydrogen. 

Hydric  telluride    Telluretted  hydrogen. 

Hydric  chloride   Hydrochloric  acid. 

Hydric  bromide   Hydrobromic  acid. 

Hydric  iodide   Hydriodic  acid. 

Hydric  fluoride   Hydrofluoric  acid. 

TT  1  .       1  . 1  I  Marsh-gas  or  light  carburetted 

Hydric  carbide   \    ii*'  ® 

{  hydrogen. 

Hydric  nitride    Ammonia. 

Hydric  phosphide   Phosphoretted  hydrogen. 

Hydric  arsenide   Arseniuretted  hydrogen. 

Hydric  autimonide    ....  Antimoniuretted  hydrogen. 

The  term  acid  was  originally  applied  only  to  substances  possess- 
ing a  sour  taste  like  vinegar;  but  analogy  has  necessitated  the 
application  of  the  same  name  to  a  large  number  of  compounds 
which  have  not  this  property.  In  the  modern  acceptation  of  the 
name,  an  acid  may  be  defined  as  a  compound  containing  one  or 
more  atoms  of  hydrogen,  which  become  displaced  by  a  metal  when 
the  latter  is  presented  to  the  compound  in  the  form  of  a  hydrate. 
The  hydrogen  capable  of  being  so  displaced  may  be  conveniently 
termed  displaceaUe  lujdrogen.  An  acid  containing  one  such  atom  of 
liydrogen  is  said  to  be  monobasic,  one  containing  two  such  atoms 
dibadc,  &c.  Acids  of  a  basicity  greater  than  unity  are  frequently 
termed  polyhasic  acids. 
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Thus  nitric  acid  gives,  with  sodic  hydrate,  sodic  nitrate  : — 
NO3H    +    ON"aH    =    NO^Na    +  OB.^* 

Nitric  acid.      Sodic  hydrate.      Sodic  nitrate.  Water, 

Sulphuric  acid  gives,  with  potassic  hydrate,  potassic  sulphate : — 
SO,H.,    +    20KH    =  + 

Sulphuric  acid.    Potassic  hydrate.  Potassic  sulphate.  Water. 

And  hydrochloric  acid  gives,  with  potassic  hydrate,  potassic  chlo- 
ride : — 

HCl    +    OKH    =    KCl    +  OH2. 

Hydrochloric       Potassic  Potassic  Water, 

acid.  hydrate.  chloride. 

When  an  acid  contains  oxygen,  its  name  is  generally  formed 
by  adding  the  terminal  ic  either  to  the  name  of  the  element  with 
which  the  oxygen  is  imited,  or  to  an  abbreviation  of  that  name  ; 
thus  sulphur  forms,  with  oxygen,  sulphuric  acid ;  nitrogen,  nitric 
acid ;  and  phosphorus,  phosphoric  acid.  But  it  frequently  happens 
that  the  same  element  forms  two  acids  with  oxygen ;  and  when 
this  occurs,  the  acid  containing  the  larger  amount  of  oxygen 
receives  the  terminal  syllable  ic,  whilst  that  containing  less  oxygen 
is  made  to  end  in  ous.  Thus  we  have  sulphurous  acid,  nitrous  acid, 
and  phosphorous  acid,  each  containing  a  smaller  proportion  of 
oxygen  than  that  necessary  to  form  respectively  sulphuric,  nitric, 
aud  phosphoric  acids. 

In  some  instances,  however,  the  same  element  forms  more  than 
two  acids  with  oxygen,  in  which  case  the  two  Greek  words  hypo, 
under,  and  hyper,  over,  are  prefixed  to  the  name  of  the  acid.  Thus 
an  acid  of  sulphur  containing  less  oxygen  than  sulphurous  acid  is 
termed  liyposulphurous  acid ;  and  another  acid  of  the  same  element 
containing,  in  proportion  to  sulphur,  more  oxygen  than  sulphurous 
acid  and  less  than  sulphuric,  might  be  named  either  hypersul- 
phurous  acid,  or  hyposulphuric  acid  ;  but  the  latter  term  has  been 
adopted.  The  prefix  per  is  frequently  substituted  for  hyper; 
thus  in  the  case  of  chlorine,  which  forms  the  following  four  acids 
with  oxygen,  viz.,  hypochlorous  acid,  chlorous  acid,  chloric  acid, 
and  hyperchloric  acid,  the  latter  is  generally  named  perchloric 
acid ;  but  per  can  only  be  used  as  a  prefix  to  the  acid  containing 
the  largest  proportion  of  oxygen. 

*  For  an  explanation  of  these  fonnuloe  see  Cliapter  VIII. 
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Some  acids  do  not  contain  oxygen  amongst  their  constituents, 
but  consist  of  sulphur  or  hydrogen  united  with  other  elements! 
This  peculiarity  of  composition  is  expressed  in  their  nomenclature 
by  the  prefixes  sulpho  or  sulph  (or  the  equivalent  Greek  prefixes 
thio  or  thi),  and  hydro  or  hydr  :  thus  sulpharsenic  acid  and  sulpho- 
stannic  acid  denote  acids  composed  respectively  of  sulphur,  hydro- 
gen, and  arsenic;  and  sulphur,  hydrogen,  and  tin;  whilst  the 
names  hydrochloric  acid  and  hydriodic  acid  are  given  to  acids 
composed,  the  first  of  hydrogen  and  chlorine,  and  the  second  of 
hydrogen  and  iodine.  The  terminals  otts  and  ic  are  also  apphed  to 
these  acids  in  exactly  the  same  manner  as  to  the  oxygen  acids : 
thus  we  have  sulpharsenious  and  sulpharsenic  acid,  the  latter  con- 
taining a  larger  proportion  of  sulphur  than  the  former ;  but  the 
application  of  the  first  of  these  terminals  has  not  hitherto  been 
found  necessary  in  the  case  of  hydrogen  acids,  since  no  element 
has  yet  been  observed  to  form  more  than  one  acid  with  hydrogen. 

The  term  anhydride  (cf.  p.  10)  is  applied  to  the, residue  obtained 
by  the  abstraction  (in  combination  with  oxygen  as  water)  of  ail  the 
displaceable  hydrogen  from  one  or  two  molecules  of  an  oxygen 
acid.  Thus, 

SO,H.,    -    OH^    =  SO3; 

Sulphuric  acid.        Water.  Sulphuric  anhydride. 

2NO3H      -     OH2     =  N2O5. 
Nitric  acid.  Water.      Mtric  anhydride. 

The  term  anhydro-acid  or  pyro-acid  is  applied  to  such  acids  as 
are  formed  from  two  moleciiles  of  a  polybasic  acid  (see  p.  10)  hy 
elimination  of  water : — 

2PO4H3    -    OH.,    =  P2O7H4; 

Phosphoric  acid.        Water.     Pyrophosphoric  acid. 

2SO4H2    -    OH.,    =  S2O7H2. 

Sulphuric  acid.         Water.        Pyrosulfihuric  acid 

(Nordbausen  sulphuric  acid). 

These  acids  are  thus  partial  anhydrides.  The  prefix  2W^ 
originally  referred  to  their  mode  of  formation,  heat  being  employed 
to  drive  off  the  water;  but  its  use  has  been  extended  to  acids 
which  have  been  prepared  by  other  means,  and  it  is  to  be  under- 
stood generally  as  denoting  partial  anhydricity  between  two  mole- 
cules of  the  parent  acid.* 

*  This  sense  of  the  prefix  pyro  must  not  be  confounded  with  that  in  which  it  ir* 
employed  in  organic  chemistry,  as  in  pyrotartaric  acid,  pyromucic  acid,  cj'c.  Hero 
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The  term  hose  is  applied  to  three  classes  of  compounds,  all  of 
which  are  converted  into  salts  by  the  action  of  acids.  These 
are — 

1st.  Certain  compounds  of  metals  with  oxygen,  such  as  sodic 
oxide  (Na20),  zincic  oxide  (ZnO),  &c, 

2nd.  Certain  compounds  of  metals  with  the  compound  radical 
hydroxyl  (HO),  such  as  sodic  hydrate  (]Sra(HO)),  zincic  hydrate 
(Zn(H0)2),  &c. 

3rd.  Certain  compounds  of  nitrogen,  phosphorus,  arsenic,  and 
antimony,  such  as  ammonia  (NH3). 

There  are  also  a  few  organic  compounds  to  which  the  name 
base  is  sometimes  given,  but  which  are  not  included  in  the  above 
classes;  it  is,  however,  unnecessary  further  to  allude  to  them 
here. 

The  bases  of  the  first  class  are  named  in  accordance  with  the 
rules  already  given  for  compounds  of  two  elements.  The  follow- 
ing bases,  however,  still  retain  their  irregular  names : — 

Systematic  namea.  Irregular  names. 

Baric  oxide.   Baryta. 

Strontic  oxide    Strontia. 

Calcic  oxide    Lime. 

Magnesic  oxide   Matjnesia. 

Aluminic  oxide   Alumina. 

Beryllic  (Glucinic)  oxide  ....  Beryllia  (Glucina). 

Zirconic  oxide    Zirconia. 

The  names  of  the  bases  belonging  to  the  second  class  are 
formed  by  changing  the  terminal  syUalbe  of  the  name  of  the 
metal  into  ic  or  ous,  and  the  word  hydroxyl  into  hydrate.  Thus 
caesium  and  hydroxyl  form  caesic  hydrate  (Cs(HO)) ;  barium  and 
hydroxyl,  baric  hydrate  (Ba(H0)2) ;  and  iron  and  hydroxyl,  ferric 
hydrate  (Fe2(HO)6). 

A  few  of  these  bases  have  trivial  or  irregular  names,  which  are 
almost  invariably  used  instead  of  the  systematic  names  : — 

Systematic  names.  Irregular  names. 

Potassic  hydrate   Potash. 

Sodic  hydrate   Soda. 

Lithic  hydrate    Lithia. 

the  mode  of  formation  by  the  action  of  heat  is  alone  indicated,  the  compounds  having 
for  the  most  part  notliing  further  in  common,  and  not  being  formed  from  the 
parent  acid — tartaric  acid  mucic  actcZ— according  to  any  fixed  rule. 
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The  bases  of  the  third  class  are  distinguished  by  the  terminal 
syllable  ine,  except  nitrine  (NH3),  which  retains  its  trivial  name 
ammonia.  These  bases  belong  almost  exclusively  to  the  depart- 
ment of  organic  chemistry,  and  their  nomenclature  could  not  be 
advantageously  discussed  here. 

It  has  been  already  mentioned  that  by  the  mutual  action  of  an 
acid  and  a  base  upon  each  other,  a  salt  is  produced.  If  the  salt  be 
free  from  oxygen  and  sulphur,  like  common  salt  (NaCl),  it  is 
termed  a  haloid  salt;  if  it  contain  oxygen  it  is  termed  an  oocysalt ; 
and  if  this  oxygen  be  replaced  by  sulphur,  it  is  distinguished  as  a 
sulphosalt. 

The  haloid  salts  are  named  according  to  the  rules  for  binary 
compounds  above  given,  thus  : — 

Name.  Formula. 

Sodic  chloride   I^TaCl. 

Calcic  iodide   Calg. 

Ferrous  bromide   reBr2. 

Ferric  bromide   FcgBrg. 

Oxysalts  are  divided  into  normal,  acid,  and  hasic. 

A  normal  salt  is  one  in  which  the  displaceable  hydrogen  of  the 
acid  (see  p.  10)  .is  all  exchanged  for  an  equivalent  amoimt  of  a 
metal  or  of  a  positive  compound  radical. 

The  following  examples  will  serve  to  illustrate  this  definition 
of  a  normal,  or  as  it  is  sometimes  incorrectly  called,  a  netctral  salt, 
the  displaceable  atoms  of  hydrogen  in  the  acid,  and  the  metal 
by  which  they  have  been  displaced  in  the  salt,  being  printed  in 
italics : — 

Acid.  Normal  salt. 

Nitric  acid   NOa^T. ...  j  ^odic  nitrate   „ 

L  Calcic  nitrate   (N03)2Ca". 

„  ,  ,     .      ■  ^                    c/~»  rr        i  Potassic  sulphate  ....  SOji"?- 
Sulphuric  acid   SO,S,   ••  j  Calcic  sulphate   SoWa". 

,     .  T>r.  Z7-        r  Potassic  phosphate    ..  TOaK,,. 

Phosphoric  acid    TO.M,  ••  j  Calcic  phosphate    ....  (PO,)!ca'V 

Hypophosphorous  acid. .  ..  POoH-^JST  .  Sodic  hypophosphite  . .  POjHj^a. 

Phosphorous  acid   POgHiT.  .  Potassic  phosphite  ... .  POjllZj. 

Metaphosphoric  acid   ....  FOjH    . .  Lithic  metaphosphate  .  TO-^Li. 

Pyrophosphoric  acid   P207-24  •  •  Calcic  pyrophosphate . .  TiOyCa'^i. 

Nordhausen  sulphuric  acid  S-P^^ffj  . .  Sodic  pyrosulphate    . .  SiOjNa^. 

Unknown  acid   Cv^Oyll^ . .  Potassic  dichromate  . .  CrjOjiTj. 

An  acid  salt  is  one  in  which  the  displaceable  hydrogen  of  the 
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acid  is  only  partially  exchanged  for  a  metal  or  positive  compound 
radical. 

The  following  examples  illustrate  the  constitution  and  nomen- 
clature of  these  salts : — 

Acid.  Acid  salt. 

Sulphuric  acid. . . .  ^O^Ri     Hydric  sodic  sulphate   BOiHNa. 

Carbonic  acid  ... .  CO3H2?    H  ydric  potassic  carbonate  . .  CO^HK. 

t  Hytlric  disodic  phosphate  . .  VO^HN^a-i. 

Phosphoric  acid  . .  P04^3  <  Dihydric  sodic  phosphate  . .  FO^S.^Na. 

[  Microcosmic  salt   'PO^H{NHi)Na. 

(Hydric  amnionic  sodic  phosphate.) 

Acid  salts  are  produced  almost  exclusively  from  poly  basic 
acids. 

When  the  number  of  hands*  of  the  metal  or  compound  positive 
radical  contained  in  a  salt  exceeds  the  number  of  atoms  of  displace- 
able  hydrogen  in  the  acid,  the  compound  is  usually  termed  a  basic 
salt — as,  for  instance, 

Acid.  Basic  salt. 

Carbonic  acid....  CO,E.   (Malachite   CO,H.,C«",. 

L  Blue  cupric  carbonate   C2O3II2CM  3. 

Sulphuric  acid   ..  SO,^,    f  Tribasic  cuprie  sulphate   ..  SO^H^Cm".,. 

^  '    I  Turpeth  mineral   SOeS^'V 

'These  and  most,  if  not  all,  other  basic  salts  do  not  differ 
essentially  in  their  constitution  from  the  normal  and  acid  salts. 
This  will  be  seen  from  the  arrangement  of  their  atoms  given 
under  the  heading  of  the  different  metals  entering  into  their 
composition. 

The  molecular  compounds  {q.v.)  which  various  substances  form 
with  water  of  crystallisation  may  be  conveniently  termed  aquates. 

The  nomenclature  of  organic  bodies  is  founded  upon  the  same 
principles  as  that  of  inorganic  compounds ;  but  its  discussion 
could  not  be  conveniently  introduced  here. 


*  For  an  explanation  of  this  term  see  Chap.  YIII. 
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CHAPTER  IV. 

LAWS  OF  COMBINATION. 

As  soon  as  cliemists  began  to  realise  that  the  various  changes 
which  matter  undergoes  when  two  or  more  substances  are  extracted 
fuom  some  other  substance,  or  unite  to  form  this  substance,  are  not 
changes  in  the  ultimate  nature  of  matter  itself,  but  only  in  its 
mode  of  combination,  it  was  natural  that  they  should  have  re- 
course to  the  balance  in  order  to  determine  the  quantities  of  the 
different  kinds  of  matter  entering  into  each  such  combination.  The 
results  of  these  determinations  are  embodied  in  the  following 
numerical  laws,  which  form  the  groundwork  of  the  science. 

Law  of  Constant  Peoportions.— It  has  already  been  men- 
tioned that  each  chemical  substance  contains  its  elements  always 
in  the  same  fixed  proportions.  Red  oxide  of  mercury  consists  of 
12-5  parts  by  weight  of  mercury  and  1  of  oxygen,  this  proportion 
being  absolutely  unvarying.  In  like  manner  hydrochloric  acid  gas 
always  contains  35"5  parts  of  chlorine  to  1  of  hydrogen.  And  in 
the  same  proportions  in  which  the  elements  of  a  compound  may 
be  separated  from  each  other  by  analysis,  they  may  by  synth^is 
be  made  to  combine.  An  excess  of  any  one  of  the  elements  over 
and  above  the  quantity  required  to  unite  with  the  rest,  will  remain 
unacted  upon.  If  40  parts  of  chlorine  be  brought  into  contact 
with  1  part  of  hydrogen  under  the  conditions  which  are  necessary 
for  the  formation  of  hydrochloric  acid,  4-5  parts  of  chlorine  will 
remain  unchanged,  and  cannot  be  made  to  enter  into  combination. 

The  above  law  is  known  as  the  Law  of  Constant  Proportions. 
It  was  in  the  course  of  the  experimental  development  of  this  law 
that  the  great  fact  first  became  clear,  that  matter  is  indestructible, 
aud,  as  far  as  experience  goes,  uncreateable.  When  carbon  is 
burnt  in  a  vessel  containing  oxygen  it  seems  to  disappear;  but 
if  nothing  be  allowed  to  escape,  and  if  the  vessel  be  accurately 
weighed  both  before  and  after  the  combustion,  the  weight  wUl 
be  found  not  to  have  changed.  The  carbon  has  merely  combined 
with  the  oxygen  to  form  the  invisible  gas  carbonic  anhydride. 
If  a  burning  piece  of  the  metal  sodium  be  now  plunged  into  the 
carbonic  anhydride  thus  formed,  the  sodium  will  combine  with 
the  oxygen   of  the  carbonic  anhydride,  and  the  carbon  will 
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reappear  as  a  fine  black  dust.  In  every  series  of  cliemical  pro- 
cesses, however  complicated,  the  sum  of  the  weights  of  the  final 
products  will  be  neither  more  nor  less  than  that  of  the  initial 
substances. 

Law  of  Multiple  Proportions. — In  the  course  of  tlieir 
quantitative  researches,  chemists  found  that  in  some  cases  the 
same  two  elements  combined  with  each  other  in  two  or  more 
different  proportions,  to  form  totally  distinct  compounds ;  but  as 
these  proportions  were  always  constant  for  each  such  compound, 
this  new  fact  did  not  in  any  way  contradict  the  law  just  stated. 
A  very  simple  numerical  relation  regulates  this  variation.  Mer- 
cury, for  example,  forms  two  compounds  with  oxygen — the  red 
oxide,  in  which  the  proportion  of  mercury  to  oxygen  is  as  12"5  :  1  ; 
and  a  black  oxide,  in  which  the  proportion  is  as  25  :  1,  The 
mercury  in  the  first  compound  is,  therefore,  to  that  of  the  second 
as  1  :  2.  With  nitrogen,  oxygen  forms  no  fewer  than  five  different 
compounds : — 

Parts  by  -weight    Parts  by  weight 
of  nitrogen.  of  oxygen. 

Nitrous  oxide    1  :  0-571 

Nitric  oxide  , , .  1  ;  1142 

Nitrous  anhydride    1  :  1714 

Nitric  peroxide   1  :  2-285 

Nitric  anhydride   1  :  2-857 

The  relative  proportions  of  the  oxygen  uniting  with  a  constant 
weight  of  nitrogen  in  these  five  compounds  are  as  1  :  2  :  3  :  4  :  5. 
In  aU  cases  in  which  one  element  unites  with  another  in  two  or 
more  different  proportions,  these  proportions  are  found  to  be  simple 
multiples  of  some  common  factor.  This  law  is  known  as  the  Lavj 
of  Multiple  Proportions. 

Law  of  Equivalent  Proportions.— The  foregoing  numerical 
!law  was  discovered  by  comparing  the  different  weights  of  the 
same  element  which  combine  with  a  given  weight  of  some  other 
element.  But  when  the  weights  of  different  elements  which  com- 
Ibme  with  a  given  weight  of  various  other  elements  were  cora- 
j pared,  new  and  surprising  numerical  relations  became  manifest 
.  Thus — 
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1  part  of 

1  part  of 

1  part  of 

1  part  of 

1  part  of 

chlorine. 

bromine. 

iodine. 

oxygen. 

sulphur. 

Combines  with 


0  -02817 

.0-0125 

0-00787 

0-125 

0-0625 

0  •64-79 

0-2875 

0-1811 

2-875 

1-4375 

1  -099 

0  •4-875 

0  -3071 

4-875 

2  -4375 

0-891 

0-395 

0-249 

3-95 

1-975 

2-908 

1  -2906 

0-813 

12  -906 

6-453 

The  numbers  in  each  vertical  column  bear  to  each  other  the 
same  proportion ;  thus,  in  all  the  columns : — 

Hydrogen  :    Sodium   :  Potassium :    Copper    :  Lead. 


as 


23 


39 


31-6 


103-25 


.  It  will  be  noticed  that  the  numbers  for  hydrogen,  sodium,  and 
potassium  are  the  same  as  those  attached  to  these  elements  in  the 
column  headed  "  Atomic  weight "  in  the  table  of  elements,  p.  7, 
whilst  those  for  copper  and  lead  are  less  by  one-half  than  the 
numbers  in  the  table.  The  reason  of  this  will  be  explained  later. 
(See  Chapter  XII,  Electro-chemical  Equivalents.) 
On  the  other  hand — 


1  part  of 
hydrogen. 

1  pMrt  of 
sodium. 

1  part  of 
potassium. 

1  part  of 
copper. 

1  part  of 
lead. 

Combines  with 

35  -5 
80 
127 
8 
16 

1  -514 
3-478 
5-522 
0-348 
0-696 

0  91 

205 

3-256 

0-205 

0-41 

1-  123 

2-  531 
4  019 
0-253 
0-506 

0  -343 
0-774 

1  -229 
0  -0774 
0  -1548 

Here  again,  in  all  the  vertical  columns — 
Chlorine 


as. 


.35'o 


Bromine 
80 


Iodine 
127 


Oxygen  :  Sulphur 
8       :  16 


The  numbers  which  express  the  proportions  of  chlorine,  bro- 
mine, and  iodine  are  those  given  in  the  table  on  p.  7 ;  whilst 
those  of  oxygen  and  sulphur  are  less  by  one-lmlf. 

This  law  may  be  expressed  thus  :— The  relative  proportions  by 
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weight  iu  which  the  members  of  any  series  of  elements  combine 
with  the  same  quantity  of  another  element  are  the  same  for  their 
combinations  with  any  other  element. 

35"5  parts  by  weight  of  chlorine,  80  parts  by  weight  of  bro- 
mine, 127  parts  by  weight  of  iodine,  8  parts  by  weight  of  oxygen, 
and  1 6  parts  by  weight  of  sulphur  are  said  to  be  equivalent,  as  each 
of  these  weights  serves  to  satisfy  the  chemical  affinity  of  1  part  by 
weight  of  hydrogen.  In  like  manner  1  part  by  weight  of  hydrogen, 
23  parts  by  weight  of  sodium,  39  parts  by  weight  of  potassium, 
31-75  parts  by  weight  of  copper,  and  lOS'S  parts  by  weight  of  lead 
are  equivalent.  But  the  members  of  the  first  series  are  also  equiva- 
lent to  those  of  the  second :  thus  23  parts  by  weight  of  sodium 
combine  with  35-5  parts  by  weight  of  chlorine,  39  parts  by  weight 
of  potassium  with  80  parts  by  weight  of  bromine,  &c.,  as  may 
easily  be  calculated  from  the  last  table.  Thus  every  element  may 
have  an  eqtdvalent  vjeight  assigned  to  it,  according  to  which  it  com- 
bines with  other  elements,  the  equivalent  weight  of  hydrogen  being 
taken  as  unity. 


CHAPTER  V. 

THE  ATOMIC  THEORY. 


In  order  to  account  for  the  remarkable  relations  just  described, 
chemists  have  adopted  a  theory  concerning  the  ultimate  constitu- 
tion of  matter  which  is  to  be  found  in  the  systems  of  some  of  the 
ancient  Greek  philosophers,  but  which  first  received  a  scientific 
form  at  the  hands  of  Dalton.  Dalton  supposed  matter  to  consist 
of  exceedingly  minute  particles,  incapable  of  further  division- 
atoms  (clro^ios,  from  a  privative,  and  refMvco,  1  cut).  These  atoms 
possess  different  weights  in  the  different  kinds  of  elementary 
matter,  but  have  always  the  same  weight  for  tlie  same  kind 
The  juxtaposition  of  different  elementary  atoms  constitutes 
chemical  combination.  Thus  if  the  relative  weights  of  the  atoms 
of  potassium  and  chlorine  are  as  39  to  35-5,  and  if  the  formation 
of  potassic  chloride  consists  in  the  juxtaposition  of  one  atom  of 
the  one  element  to  one  of  the  other,  then  it  is  evident  that 
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potassic  cliloride  can  contain  its  elements  only  in  the  proportion 
of  39  parts  by  weiglit  of  potassium  to  35'5  parts  by  weight  of 
chlorine.  If  the  relative  weights  of  the  atoms  of  mercury  and 
oxygen  are  as  200  to  16,  and  if  red  oxide  of  mercury  is  a  combina- 
tion of  one  atom  of  each  of  its  elements,  it  must  contain  mei'cury 
and  oxygen  in  the  proportion  of  200  to  16.  Again,  if  the  black 
oxide  of  mercury  is  a  combination  of  two  atoms  of  mercury  with 
one  of  oxygen,  the  proportion  of  the  former  to  the  latter  must  be 
as  400  to  16,  or  the  proportion  of  mercury  in  the  black  oxide  is  to 
that  in  the  red  as  2  to  1  for  equal  weights  of  oxygen. 

Thus  by  the  hypothesis  of  atoms,  which  possess  the  same 
weights  for  the  same  elementary  kind,  but  different  weights  for 
the  different  elementary  kinds  of  matter,  the  three  great  experi- 
mental facts  of  Constant  Proportion,  Multiple  Proportion,  and 
Equivalent  Proportion  are  referred  to  one  general  law. 

The  atomic  theory  has,  since  its  adoption  by  Dalton,  under- 
gone many  developments,  particularly  in  the  sharp  distinction  of 
atoms  from  molecules  {molecula,  diminutive  of  moles,  a  mass).  The 
atoms  which  enter  into  chemical  combination  are  supposed  to  be 
grouped  into  molecules—"  little  masses."    These  latter  are  again 
grouped  together  to  form  the  masses  of  matter  recognisable  by  the 
senses.    Thus  a  solid  piece  of  ice,  which  contains  the  atomic 
weights  of  hydrogen  and  oxygen  in  the  proportion  of  2  to  1,  is  not 
to  be  regarded  as  having  its  atoms  thrown  together  indiscrimi- 
nately ;  it  is  supposed  to  be  made  up  of  a  vast  number  of  small 
independent  systems,  each  containing  two  atoms  of  hydrogen  and 
one  of  oxygen.    The  atoms  within  the  molecule  are  held  together 
by  chemical  attraction :  the  molecules  are  kept  in  their  places  by 
cohesion.    Neither  the  atoms  within  the  molecule  nor  the  mole- 
cules within  the  mass,  are  supposed  to  be  in  actual  contact.  When 
a  body  expands  by  heat  the  distance  between  its  molecules  is 
increased,  and  when  it  contracts  by  cooling  this  distance  is 
diminished.    Neither  the  atoms  nor  the  molecules  in  a  solid  body 
are  to  be  conceived  as  occupying  their  positions  in  a  state  of  rest: 
various  considerations,  chiefly  of  a  physical  nature,  lead  to  the 
conclusion  that  they  execute  some  sort  of  vibratory  motion  about 
their  positions  of  equHibrium.  The  amplitude  of  vibration  increases 
with  the  temperature.    If  the  amplitude  of  vibration  of  the  mole- 
cules becomes  too  great  for  stability,  the  molecules  detach  them- 
selves from  their  positions  of  equilibrium,  desert  the  mimediate 
sphere  of  attraction  of  the  neighbouring  molecules,  and  wander 
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about  till  they  fall  imder  the  dominion  of  other  molecules,  to  he 
ao-ain  released  by  their  intensity  of  vibration.  This  state  of  things 
corresponds  to  liquidity:  cohesion  is  alternately  overcome  and 
restored,  and  hence  is  weakened.  If,  however,  the  energy  of  the 
molecules  becomes  so  great  as  to  carry  them  beyond  the  reach  of 
their  mutual  attraction,  they  shoot  forward  in  straight  lines  until 
they  strike  against  other  molecules  or  against  the  sides  of  the  con- 
taining vessel,  in  which  case  they  rebound  and  change  their  direc- 
tion, sometimes  imparting,  sometimes  receiving  energy.  Tliis 
represents  the  gaseous  condition  of  matter.  Up  to  this  point  the 
atoms  wliich  compose  the  molecule  have  been  considered  as 
keeping  together  during  the  wanderings  of  the  molecule  itself ;  but 
if  the  temperature  be  raised  still  higher,  it  may  happen  that  the 
vibration  of  the  atoms  within  the  moleciale  will  carry  these  also 
beyond  the  reach  of  their  mutual  attraction,  in  which  case  some  of 
them  may  separate  from  the  parent  molecule,  forming  among 
themselves  simpler  molecules  more  capable  of  existing  at  a  high 
temperature.  Tliis  is  the  phenomenon  of  decomposition  by  heat. 
It  is  probable  that,  at  sufficiently  high  temperatures,  only  elementary 
matter  can  exist,  and  it  is  possible  that  even  the  molecules  of  the 
elements  (for,  as  will  be  shown  later,  the  atoms  of  the  same 
element  combine  with  each  other  to  form  molecules)  break  up  into 
their  component  atoms.    (See  Iodine.) 

The  motions  of  the  molecules  are  manifested  in  the  phenomena 
of  the  diffusion  of  liquids  and  gases. 

In  order  to  give  some  conception  of  the  aims  and  scope  of  the 
atomic  theory  in  its  most  recent  developments,  it  may  be  men- 
tioned that  modern  chemistry  seeks  to  determine  not  only  the 
nature  and  number  of  the  atoms  in  the  molecule,  but  also  their 
arrangement.  That  there  must  be  a  special  arrangement  is 
shown  by  the  fact  that  two  or  even  more  totally  distinct  com- 
pounds may  exist  having  the  same  number  of  the  same  atoms  in 
the  molecule.  Such  compounds  are  termed  isomeric.  The  mole- 
cule is  to  be  looked  upon  as  a  system  composed  of  various  members 
lield  together  by  chemical  attraction,  just  as  tlie  members  of  one  of 
tlie  cosmical  systems  are  held  together  by  gravitation.  The  mole- 
cule of  acetic  acid,  for  example,  contains  two  atoms  of  carbon,  four 
of  hydrogen,  and  two  of  oxygen.  To  continue  the  astronomical 
illustration,  the  two  atoms  of  carbon  are  supposed  to  be  united  by 
mutual  attraction  like  the  two  suns  of  a  double  star.  One  of  these 
suns  possesses  tliree  planets  in  tlie  sliape  of  three  atoms  of 
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liydrogen ;  the  other  has  two  atoms  of  oxygen  as  planets ;  whilst 
one  of  the  oxygen  planets  has  an  atom  of  hydrogen  annexed  to  it  as 
a  satellite.  Of  course  all  the  members  of  such  a  system  must 
attract  each  other;  but  the  attraction  will  be  greatest  between 
those  which,  caiteris  paribus,  are  by  virtue  of  their  position  most 
subject  to  each  other's  influence.  When  the  molecule  is  divided 
at  any  point,  the  two  parts,  provided  the  reaction  by  which  the 
ssparation  has  been  effected  is  not  too  violent,  retain  their  previous 
arrangement :  thus,  by  heating  potassic  acetate  with  caustic  alkali, 
it  is  possible  to  divide  the  molecule  of  acetic  acid  at  the  junction 
of  the  two  carbon  atoms,  in  which  case  the  one  carbon  atom 
retains  its  three  hydrogen  atoms,  and  the  other  its  two  oxygen 
atoms — one  of  these  with  an  atom  of  potassium  in  the  place  of  the 
hydrogen  of  acetic  acid.  In  like  manner,  by  the  action  of  phos- 
phorous chloride,  the  molecule  of  acetic  acid  may  be  divided  so  as 
to  split  off  the  atom  of  oxygen  with  its  hydrogen  atom  attached. 
Both  parts  again  remain  unchanged  as  regards  their  internal 
arrangement.* 

The  facts  on  which  these  assertions  are  based  could  not  with 
advantage  be  introduced  into  this  chapter.  'They  will  be  fully 
treated  of  in  their  proper  place. 

To  the  unscientific  mind  there  is  something  peculiarly  repellent 
in  the  atomic  theory  and  in  the  physical  conceptions  which  it 
involves.  Our  notions  of  a  multitude  of  minute  unconnected 
particles  are  derived  from  the  sand-heap — the  symbol  of  instability 
—  and  to  realise  that  a  solid  mass,  such  as  an  ingot  of  steel,  con- 
sists of  minute  particles  suspended  in  space  without  actual 
contact,  is  certainly  at  first  sight  difficult.  But  the  student  of 
science  must  dismiss  from  his  mind  all  crude  analogies,  and  learn 
above  all  things  to  distrust  his  unaided  senses,  which  in  scientific 
matters  are  by  no  means  so  infallible  as  they  are  considered  to  be 
in  everyday  life.  In  transmitting  to  the  mind  the  phenomena  of 
the  external  world,  the  senses  first  translate  these  phenomena  into 
a  language  of  their  own,  which,  however  admirably  adapted  for  its 
purpose,  is  only  a  symbolical  representation  of  the  phenomena 
themselves.  Sound  as  heard  by  the  ear  has  no  resemblance  to  the 
vibrations  of  the  air ;  red  and  violet  light  as  they  affect  the  eye 

*  Lucretius  (Z>e  Rerum  Natura)  lias  a  remarkable  passage,  wliicli  might  almost 
be  regarded  as  an  anticipation  of  the  views  of  modern  chemists  regarding  the  con- 
stitution of  compounds.  "It  matters  much,"  he  says,  "with  what  others  and  m 
what  position  the  same  atoms  arc  held  together." 
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are  in  no  way  like  longer  and  shorter  waves  of  ether:  yet  this  is 
what  science  tells  us  concerning  these  phenomena  as  they  exist 
outsiclje  the  sentient  subject,  And  the  same  holds  of  the  other 
forces  of  nature.  But  the  object  of  science  is  to  perceive  the 
phenomena  us  they  are  in  themselves— stripped  of  the  interpreta- 
tion put  upon  them  by  the  senses.  Hence  it  is  that  many  of  the 
greatest  discoveries  have  apparently  contradicted  the  evidence  of 
the  senses. 

The  magnificent  generalisation  of  the  conservation  of  energy, 
a  pendant  to  that  of  the  indestructibility  of  matter,  has  given  to 
the  dynamical  sciences  a  unity  which  they  formerly  lacked,  and 
has  laid  down  the  lines  of  their  future  progress.  Just  as,  when 
we  have  led  an  element  through  a  series  of  combinations  with 
other  elements  and  find  that  the  increase  of  weight  due  to  the 
accession  of  this  element  has  in  all  cases  been  the  same,  and 
that  we  can  extract  the  original  quantity  of  the  first  element, 
unaltered  in  all  its  properties,  ft-om  its  last  combination,  we  con- 
clude that  these  various  compounds,  in  spite  of  the  difference  of 
their  characteristics,  all  actually  contained  this  given  quantity  of 
the  same  kind  of  matter ;  so,  when  we  transform  the  motion  of 
a  mass  of  matter  into  the  various  other  forms  of  energy  and  find 
that  the  quantities  are  in  every  case  equivalent,  and  that  each  of 
these  equivalent  quantities  can  (or  could,  were  it  possible  to 
operate  without  loss)  be  transformed  back  into  the  original  quan- 
tity of  motion  of  matter,  we  conclude  that  all  these  manifestations 
of  energy  actually  consisted  of  the  same  thing — motion  of  matter. 
When  the  motion  of  a  mass  is  suddenly  arrested,  this  motion  is 
converted  into  heat — a  motion  of  the  molecules.  And  in  all  cases 
of  convertible  forms  of  energy,  the  amount  of  this  energy,  as  ex- 
pressed in  terms  of  the  masses  and  of  the  velocities,  will  be  the 
same,  whether  the  masses  be  sensible  masses,  or  whether  they  be 
molecules. 

A  further  refinement  of  speculation  as  to  the  nature  of  atoms 
has  been  introduced  by  Sir  William  Thomson  in  the  hypothesis 
that  the  ultimate  atoms  of  the  elements  consist  of  various  forms  of 
vortex  rings  in  a  perfect  fluid,  the  ether.  This  would  reduce  the 
different  kinds  of  matter  to  varieties  of  motion  in  one  kind  of 
matter,  and  would  account  among  other  things  for  the  indestructi- 
bility of  matter ;  it  being  mathematically  demonstrable  that  a  vortex 
ring  in  a  perfect  fluid  is  indestructible.  But  it  is  not  necessnry  in 
a  work  like  the  present  to  do  more  than  refer  to  tljis  hypothesis. 
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Fascinating  as  all  these  speculations  are,  they  must  never  he 
taken  at  more  than  their  true  value.  Even  the  atomic  theor}', 
which  explains  perhaps  as  many  heterogeneous  facts  as  any  other 
theory,  not  excepting  that  of  gravitation  and  the  undulatory  theory 
of  light — these  two  theories  surpassing  it,  however,  in  the  important 
point  of  their  far  higher  mathematical  development — must  not  he 
looked  upon  as  more  than  the  best  existing  explanation  of  the  fads 
as  at  present  known.  It  may  represent  the  ahsolute  truth ;  it  may 
be  nothing  more  than  a  symbolical  expression  of  certain  aspects 
of  the  truth.  The  real  object  of  a  theory  is  to  gToup  the  facts 
round  some  central  idea  from  which  we  may  start  in  our  search 
for  fresh  facts.  The  deductions  from  the  theory  are  the  objects 
of  experiment,  and  by  experiment  the  theory  stands  or  falls.  The 
greater  the  number  of  new  facts  a  theory  predicts,  the  better  is  the 
theory;  but  that  is  all  that  can  be  said  of  it.  No  number  of 
verified  predictions  can  establish  the  absolute  truth  of  a  theoiy. 
Of  course  this  does  not  refer  to- those  particular  cases  in  which 
the  theory  itself  may  be  an  ultimately  verifiable  matter  of  fact. 
It  can  scarcely  be  so  with  the  atomic  theory.  No  one  has  ever 
seen  an  atom  or  a  molecule,  and  from  theoretical  considerations 
derived  from  the  undulatory  theory  of  light,  it  is  almost  certain 
that  no  one  ever  will. 

The  opposed  conception  is,  that  matter  fills  space  continuously 
and  homogeneously.  It  is  impossible  to  review  here  the  vast 
an-ay  of  physical  evidence  which  speaks  against  this  conception 
and  in  favour  of  the  atomic  theory :  the  chemical  evidence  forms 
the  subject  of  this  work.  One  chemical  fact  may,  however,  be 
specially  mentioned  at  this  point.  It  has  already  been  stated 
that  the  same  quantities  of  the  same  kinds  of  matter  frequently 
combine  so  as  to  produce  two  or  more  totally  different  compounds. 
With  matter  homogeneously  fiUing  space  this  would  be  inconceiv- 
able. Such  a  difference  bespeaks,  as  was  said  before,  an  arrange- 
ment of  parts.  Furthermore,  as  in  the  state  of  the  finest 
mechanical  subdivision  the  particles  of  a  chemical  compound  all 
display  the  same  qualities,  the  parts,  by  the  juxtaposition  and 
arrangement  of  which  the  compound  is  produced,  must  be 
exceedingly  small.    We  are  thus  led  back  to  the  atomic  theory. 

How  small  the  ultimate  parts  of  matter  are  supposed  to  be 
may  be  judged  from  Sir  William  Thomson's  calculation  that  in 
solids  and  liquids  the  mean  distance  between  the  centres  of  con- 
tiguous molecul^es  is  less  thnn  -nomswe-  ^^'^^^  greater  than 
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4()06660oo  of  a  centimetre.  The  molecular  vibrations,  to  which 
reference  has  already  been  made,  must  of  course  take  place 
througli  a  correspondingly  small  range. 


CHAPTER  VI. 

MOLECULAR  WEIGHTS. 

All  bodies  in  the  gaseous  state  are  affected  equally  by  pressure. 
If  a  given  volume  of  hydrogen  and  a  given  volume  of  chlorine  be 
measured  at  the  pressure  of  one  atmosphere,  and  if  the  pressure  in 
each  case  be  then  doubled,  it  will  be  found  that  the  volume  of  each 
has  been  reduced  by  one-half  If  on  the  other  hand,  the  pressure 
be  reduced  to  half  an  atmosphere,  the  original  volume  of  each  will 
be  doubled.  This  relation  is  expressed  by  saying  that  the  volume 
of  a  gas  is,  ceteris  paribus,  inversely  proportional  to  the  pressure 
under  which  it  is  measured.  This  law  is  named  from  its  dis- 
coverer Boyle's  Law.  Exceptions  to  it  occur  in  the  case  of  gases 
and  vapours  in  the  neighbourhood  of  their  point  of  condensation  to 
liquids,  when  the  gaseous  condition  is  imperfect.  In  these  the 
volume  decreases  more  rapidly  than  the  pressure  increases. 

In  like  manner,  all  bodies  in  the  gaseous  state  are  affected 
equally  by  change  of  temperature.  Every  gas,  when  measured  at 
0°C.,  expands  ^  of  its  original  volume  when  heated  to  1°C., 
supposing  the  pressure  to  remain  constant  during  the  operation. 
This  fraction  is  called  the  coefficient  of  expansion  of  gases.  The 
dilatation  takes  place  in  the  same  ratio  for  every  further 
increase  of  temperature :  thus  if  the  volume  of  a  gas  at  0°  be  equal 

to  1,  the  volume  at  f  will  be  1  +  — .  This  might  also  be  ex- 
pressed by  saying  that,  the  pressure  being  constant,  the  volume  of 
a  gas  is  proportional  to  its  temperature  measured  from  -273° 
Thus  the  volume  of  a  gas  at  20°  is  to  its  volume  at  70°  as 
273  -f-  20  :  273  +  70.  This  law  holds  for  all  gases,  subject  to  the 
(  eviations  mentioned  in  the  case  of  Boyle's  Law.  The  relation  of 
tlie  volume  of  gases  to  temperature  was  discovered  by  Charles. 
The  kuietic  theory  of  gases,  a  theory  at  present  almost  univor- 
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sally  accepted  by  pliysicists,  explains  the  elasticity  and  pressure  of 
a  gas  as  the  result  of  the  shock  of  its  molecules  against  the  sides- 
of  the  vessel  in  which  it  is  contained.  If  the  volume  of  the  gas  be 
reduced  by  one  half,  the  number  of  molecules  which  strike  against 
the  unit  of  surface  in  unit  of  time  will  be  doubled ;  and  hence  the 
pressure  will  be  doubled.  If  the  temperature  be  raised,  the  velocity 
of  the  molecules,  and  hence  their  energy,  will  be  increased :  the 
shock  against  the  sides  of  the  vessel  is  more  intense  and  also  more 
frequent,  hence  the  pressure  will  be  greater.  All  gases  behave 
in  exactly  the  same  manner  in  regard  to  temperature  and  pressure, 
and  the  only  satisfactory  explanation  of  this  uniformity  is  the 
assumption  that  equal  vohimes  of  all  gases  at  the  same  temperature 
and  pressure  contain  an  equal  mtmher  of  molecules.  In  fact  this 
assumption  has  been  deduced  as  a  law  by  strict  mathematical 
processes  from  the  kinetic  theory  of  gases.* 

This  law  was  first  stated  as  a  hypothesis  by  Avogadro  in  1811. 
It  excited  little  attention  at  the  time,  but  is  now  one  of  the  chief 
foundations  of  modern  chemical  theory. 

As  equal  volumes  of  all  gases  contain  equal  numbers  of  mole- 
cules, it  is  evident  tliat  the  molecular  weights  of  gaseous  bodies 
will  be  proportional  to  the  weights  of  equal  volumes  at  the  same 
temperature  and  pressure,  i.e.,  to  their  specific  gravities  or  vapour- 
densities.  If  the  molecular  weight  of  hydrogen  as  the  lightest 
known  gas,  were  to  be  taken  as  unity,  the  molecular  weights  of 
other  gases  would  be  expressed  by  the  number  of  times  that  their 
specific  gravity  is  greater  than  that  of  hydrogen.  As  will  be 
shown  later,  however,  the  molecule  of  hydrogen  consists  of  two 
atoms.  Since,  therefore,  its  atomic  weight  is  taken  to  be  equal  to 
1,  its  molecular  weight  will  be  2.  Let  the  unknown  molecular 
weight  of  a  gas  be  M,  and  let  its  specific  gravity  (referred  to  that 
of  air  as  unity),  as  found  by  experiment,  be  d,  then  since  the 
specific  gravity  of  hydrogen  is  0-0693  : 

0-0693  :2  =  d:M 

and 

M  =  28-86  d, 

or,  expressed  in  words,  the  molecular  weight  of  a  gas  may  be  found 
by  multiplying  its  specific  gravity  (referred  to  that  of  air  as  unity) 
by  28  86.    From  what  has  been  said  above,  it  is  evident  that  tlu- 

*  See  Clerk  Maxwell,  TJieori/  of  Heat,  3rd  edition,  p.  296. 
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term  gas  will  here  include  the  vapours  of  all  substances,  solid  or 
liquid,  capable  of  volatilising  without  decomposition. 

If,  on  the  other  hand,  the  specific  gravity  of  the  gaseous  body 
is  referred  to  that  of  hydrogen  as  unity,  then,  calling  this  specific 
gravity  D,  we  should  have 

1:2  =  D:M 

or 

M  =2D. 

That  is  to  say,  the  molecular  weight  of  a  substance  is  found  by 
doubling  its  specific  gravity  in  the  gaseous  state,  the  specific 
gravity  of  hydrogen  being  taken  as  unity. 

It  is  evident  that  the  molecular  weight  will  be  equal  to  the 
sum  of  the  atomic  weights  of  all  the  atoms  contained  in  the 
molecule.    (See  Atomic  Weights.) 

Since  in  nearly  every  case  of  chemical  action  between  two  or 
more  substances,  it  is  the  molecules  of  these  substances  which  act 
on  each  other — either  by  exchange  of  atoms  or  by  direct  imion — 
and  since  equal  volumes  of  gases  contain,  cceteris  paribtis,  equal 
numbers  of  molecules,  it  might  be  expected  that  in  chemical  action 
between  gaseous  bodies  the  volumes  entering  into  reaction  would 
present  some  simple  relation  to  each  other.  Not  only  is  this  the 
case,  but  the  gaseous  volume  of  the  product  of  the  reaction  also 
follows  a  very  simple  law.    Thus  : 

1  vol.  of  hydrogen  +  1  vol.  of  chlorine  yield  2  vols,  of  hydrochloric  acid. 

1  ••  )>  +  1     „      bromine  vaponr    ,,  „        hydrobromic  acid. 

2  vols.         „  +  1     „      sulphur  vapour    ,,  „        sulphuretted  hy- 

drogen. 

2  )'  )•  -^1  oxygen  ,,  steam. 

3  )'  jj  +  i     !)      nitrogen  ,,  „  ammonia. 

The  law  of  combination  by  volume  was  discovered  by  Gay- 
Lussac. 

If  the  number  of  molecules  in  one  volume  be  called  n,  the  first 
of  the  above  combinations  might  be  written  thus :  n  molecules  of 
hydrogen  combine  with  n  molecules  of  chlorine  to  form  2?i  mole- 
cules of  hydrochloric  acid.  As  each  of  the  2n  molecules  of  hydro- 
chloric acid  contains  both  hydrogen  and  chlorine,  each  of  the 
n  molecules  of  hydrogen  and  each  of  the  n  molecules  of  chlorine 
must  have  been  divided  into  two  parts  in  order  to  furnish  hydrogen 
and  chlorine  for  these  2n  molecules.  The  molecule  of  hydrogen 
therefore  consists  of  at  least  two  atoms  of  hydrogen.    The  molecaile 
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of  chlorine  is  likewise  at  least  diatomic.  Reasons  will  be  given  later 
for  the  belief  that  the  number  of  atoms  in  the  molecules  of  these 
elements  is  not  greater  than  two.* 

The  combination  by  volume  may  therefore  be  written :  2n 
atoms  of  hydrogen  combine  with  2n  atoms  of  chlorine  to  form 
2/1  molecules  of  hydrochloric  acid;  or,  dividing  by  2%-. — 1  atom 
of  hydrogen  combines  with  1  atom  of  chlorine  to  form  1  molecule 
of  hydrochloric  acid.  That  is  to  say,  if  we  represent  in  this  case 
the  atomic  proportion  of  each  of  the  combining  elements  by  one 
volume,  the  molecular  proportion  of  the  resulting  compound  will 
be  represented  by  two  volumes.  The  same  holds  of  all  the  com- 
Ijinations  given  in  the  above  list ;  thus  we  may  write :  2  atomic 
proportions  (or  volumes)  of  hydrogen  combine  with  1  atomic 
proportion  (or  volume)  of  oxygen  to  form  1  molecular  proportion 
(~  2  volumes)  of  steam. 

This  is  what  is  meant  by  the  elliptical  and  somewhat  misleading 
expression  frequently  employed,  that  the  molecule  of  a  compound 
occupies  in  the  gaseous  state  two  volumes.  In  every  case,  if  we 
take  such  proportions  by  volume  of  the  gaseous  elements  as  will 
represent  the  atomic  proportions!  of  these  elements  uniting  to  form  a 
compound,  the  molecular  proportion  of  this  compound,  if  measured 
in  the  gaseous  state,  will  occupy  two  volumes.  Further,  as  equal 
volumes  of  all  gaseous  substances  contain  an  equal  number  of 
molecules,  it  is  evident  that  the  molecular  proportion  of  these 
various  combining  elements  will  also  be  represented  in  the  gaseous 
state  by  two  volumes. 

But  though  the  molecular  proportion  may  in  every  case  be 
represented  by  two  volumes,  it  by  no  means  follows  that  the 
atomic  proportion  of  the  gaseous  elements  may  always  be  repre- 
sented by  one  volume,  though  this  happens  to  be  the  case  in  the 

*  The  supposition  that  the  molecules  of  the  great  majority  of  the  elements 
consist  of  mutually  combined  elementary  atoms,  throws  light  upon  a  number  of 
otherwise  inexplicable  phenomena.  Thus  elements  in  the  so-called  nascent  stale- 
that  is,  at  the  moment  at  which  they  are  released  from  their  combinations-displa.v 
much  more  powerful  affinities,  and  are  much  more  capable  of  effecting  chemical 
changes  than  when  in  the  free  state.  The  explanation  is  that  in  the  nascent  stuf  c 
it  is  the  single  atoms  which  are  released  from  combination,  and  that  bemg  endowed 
with  free  affinities  they  are  especially  ready  to  enter  into  any  fresh  combination; 
whereas  in  the  case  of  'the  free  element,  the  atoms  have  combined  with  each  other  to 
form  molecules  :  not  only  theref  ore  have  the  atoms  no  longer  any  free  affinities,  but 
their  mutual  combination  has  to  be  broken  up  before  thoy  can  enter  into  union 
wilh  other  elements. 

t  See  following  puriigraph. 
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seiies  of  combinations  given  in  the  foregoing  list.  In  order  to 
ascertain  what  vohime  of  a  gaseous  element  corresponds  to  its 
atomic  proportion  when  tlie  molecular  proportion  is  represented  by 
two  volumes,  it  is  necessary  first  to  ascertain  how  many  atoms 
the  molecule  of  that  element  contains.  This  may  be  found  by 
dividing  the  molecular  weight,  as  deduced  from  the  vapour-density, 
by  the  atomic  weight,  as  determined  by  one  or  more  of  the  methods 
given  in  the  next  chapter. 


Name  of  element. 

Molecular 
weiglit. 

Atomic 
weight. 

Number 
of  atoms  in 

TTinl  ppnl 

200 

200 

1 

112 

112 

1 

65 

65 

1 

2 

1 

2 

32 

16 

2 

48 

16 

3 

71 

35  '5 

2 

16i> 

80 

2 

254 

127 

2 

28 

14 

2 

Sulphur  (at  524°')  

192 

32 

8 

(at  860°)  

64 

32 

2 

158 

79 

2 

256 

128 

2 

Phosphorus                    . . 

124 

31 

4 

300 

75 

4* 

The  number  of  atoms  contained  in  the  molecules  of  the  various 
elements  is  therefore  not  always  the  same.f  Thus  in  the  case  of 
mercury,  cadmium,  and  zinc,  the  molecular  weight  is  identical 
with  the  atomic  weight:  the  molecules  of  these  elements  are 

*  This  list  contains  all  the  elements  of  which  the  vapour-density  has  been  deter- 
mined, and,  consequently,  all  the  elements  of  which  the  molecular  weight  is  known; 
for  though  other  methods  of  ascertaining  the  molecular  weight  will  be  described, 
only  that  of  vapour-densities  is  applicable  in  the  case  of  elements.  All  other 
elements  are  either  non-volatile,  or  volatilise  at  temperatures  and  under  conditions 
such  as  to  render  the  determination  of  their  density  in  the  gaseous  state  a  problem 
beyond  tlie  present  resources  of  chemistry.  Silver,  for  example,  is  volatile  only  at 
the  temperature  of  the  oxyhydrogen  flame.  Again,  potassium  and  sodium,  though 
volatile  at  relatively  low  temperatures,  yield  vapours  which  attack  and  combine  with 
the  material  of  the  vessels  employed,  and  in  tliis  way  furnish  discrepant  and  untrust- 
worthy results.  Hence  the  molecular  weight  of  all  elements  other  than  those 
contained  in  the  above  table  is  at  the  present  moment  purely  a  matter  of  surmise. 

t  From  this  it  follows  that  the  vapour-density  alone  of  an  element  furnishes  no 
clue  to  its  atomic  weight. 
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monaiomic.  With  hydrogen,  oxygen,  chlorine,  nitrogen,  and 
various  other  elements,  the  molecular  weight  is  twice  as  great  as 
the  atomic  weight :  the  molecules  are  diatomic.  In  oxygen  in  the 
form  of  ozone,  on  the  other  hand,  the  molecule  is  triatomic.  Phos- 
phorus and  arsenic  are  examples  of  tetratomic  molecules,  whilst  the 
molecule  of  sulphur  is  hexatomic  at  524°,  and  diatomic  at  860°,  the 
heavy  hexatomic  molecule  breaking  up  into  three  lighter  diatomic 
molecules  as  the  temperature  rises. 

Kundt  and  Warburg,  by  a  determination  of  the  velocity  of 
sound  in  mercury  vapour,  have  shown  that  in  the  case  of  this 
vapour  there  is  no  increase  of  "  specific  heat  at  constant  volume  " 
due  to  motion  of  atoms  within  the  molecule,  as  is  the  case  with 
gases  having  molecules  containing  more  than  one  atom.  The 
molecule  of  mercury  in  the  gaseous  state  must  therefore  be  assumed 
to  be  truly  monatomic.  From  this  it  follows  that  diatomic  mole- 
cules really  contain  only  two  atoms,  triatomic  molecules  only  three 
atoms,  &c. 

It  is  evident  that,  whatever  volume  of  a  gas  is  adopted  to 
represent  its  molecular  proportion,  the  volume  required  to  repre- 
sent its  atomic  proportion  will  be  inversely  as  the  number  of 
atoms  in  the  molecule  of  that  gas.  If,  therefore,  the  molecular 
proportion  is  represented  by  two  volumes,  the  volume  correspond- 
ing to  the  atomic  proportion  will  be  found  by  dividing  this  mole- 
ctdar  voluvie  by  the  number  of  atoms  in  the  molecule.  Thus  we 
find  that  for  a  monatomic  gas  the  volume  representing  one  atomic 
proportion — or,  as  it  may  be  termed,  the  atomic  volume — is  two 
volumes ;  for  a  diatomic  gas,  one  volume ;  for  a  tetratomic  gas,  half 
a  volume,  and  so  on. 

A  very  convenient  expression  of  these  relations  is  afforded  by  a 
notation  devised  by  A.  W.  Hofmann.    In  this  notation,  one  volume 

of  an  element  in  the  gaseous  state  is  represented  by  a  square 


within  which  is  written  the  symbol  of  the  element  in  question,  the 
atomic  volume  of  this  element  being  unity ;  two  volumes  by  a 

double  square,  open  in  the  middle  ;  and  half  a  volume  by 


a  triangle 


Thus  in  the  case  of  the  elements,  these  symbols 


would  be  employed  as  follows  : — 
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Name  of  element. 


Atomic  volume  in  the 
gaseous  state. 


Molecular  volume  in 
tlio  gaseous  stale. 


Mercury 


Hg 
I 


Cadmium 


Zinc. 


"T~ 

Cd 

_1_ 


r 
Zn 
-_L_ 


I 


Hydrogen 


Oxygen 

Chlorine 

Bromine 


Iodine 


Nitrogen 


Sulphur  (at  860°) 
Selenium  , 


H 


O 


Od 
_j  


■~r~ 

Zu 
I 


H2 


0-2 


CI 


Br 


Se 


Tellurium  , 
Phosphorus 
Arsenic  . .  , 


CI3 
I  " 


 T" 

 (_ 


N, 


_JL_ 


"~r- 

I 


— I — 

_J  


_J_. 


— r~ 

AS4 


In  the  case  of  compounds,  the  symbol  of  the  compound  (see 
Chemical  Notation)  is  written  within  the  double  square  repre- 
senting the  molecular  volume  in  the  gaseous  state,  thus  :  


Name  of  compound. 

Hydrochloric  acid 


Molecular  volume  in  tlie 
gaseous  state. 


Water 


Ammonia, 
etc. 


HCl 
I 


— r — 

OH.,: 
 L_l 


NH, 


*  The  small  subscript  Arabic  numeral  indicates  how  many  at^  ms  of  ti  e  den^ent 
reprosfented  by  the  atomic  siymbol  are  present  (see  Chemical  Notation) . 
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These  volume-symbols  may  be  combined  into  equations  (see 
Chemical  Notation),  which  will  thus  express  the  relative  volumes  of 
the  gaseous  elements  or  compounds  taking  part  in  any  chemical 
action,  and  the  volume  of  the  resulting  product  or  products 
Thus :— 


u  j 

-f 

CI 

1 

HOI 

1 

or  one  volume  of  hydrogen  combines  with  one  volume  of  chlorine, 
to  form  two  volumes  of  hydrochloric  acid. 


H 


H 


+ 

0 

OH2 
1 

or  two  volumes  of  hydrogen  combine  with  one  volume  of  oxygen 
to  form  two  volumes  of  steam. 


H 


H 


H 


+ 


N 


NH, 


or  three  volumes  of  hydrogen  combine  with  one  volume  of  nitro- 


een  to  form  two  volumes  of  ammonia. 


—\ — 

_l  


+ 


CI 


CI 


HgCl, 
__JI  


or  two  volumes  of  mercury  vapour  combine  with  two  volumes  of 
chlorine  to  form  two  volumes  of  the  vapour  of  mercuric  chloride. 


Ci 

+ 

CI 

PC13 

1 

CI 

or 


half  a  volume  of  phosphorus  vapour  combines  with  three 
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volumes  of  chlorine  to  form  two  volumes  of  the  vapour  of  phos- 
phorus chloride. 

Of  course  in  reality  these  chemical  reactions  take  place  not 
between  atoms  but  between  molecules,  and  the  reaction  of  hydrogen 
with  chlorine  for  example,  would  therefore  have  to  he  written — 


1 

H., 
1 

+ 

1 

01. 
1 

HCl 
i 

+ 

HCl 
1 

but  the  above  simplified  mode  of  expression  has  been  adopted  in 
order  that  the  molecule  of  the  resulting  compound  may  in  every 
case  be  represented  by  two  volumes. 

To  the  definitions  of  the  terms  molecule  and  atom  already 
given,  the  following  may  be  added  : — 

The  molecide  of  an  element  or  of  a  compound  is  the  smallest 
portion  capable  of  existing  in  a  free  state — at  all  events  during 
any  appreciable  interval  of  time.  An  atom  of  an  element  is  the 
smallest  part  of  that  element  capable  of  entering  into  or  being 
expelled  from  a  chemical  compound — the  smallest  part  that 
exists  in  the  molecule  of  any  of  its  compounds.  The  atomic 
weight  of  an  element  expresses  the  number  of  times  its  atum  is 
heavier  than  the  atom  of  hydrogen.  The  molecular  weight  of  an 
element  or  compound  is,  as  already  stated,  the  sum  of  the  atomic 
weights  of  the  atoms  in  its  molecule. 

The  various  methods  of  determining  vapour-densities  will  be 
fully  described  in  the  part  of  this  work  relating  to  organic 
chemistry :  they  are  of  great  importance  in  fixing  the  molecular 
weights  of  organic  compounds.    The  principles  involved  in  these 
methods  may  be  stated  in  a  few  words.    The  method  of  Dumas, 
apphcable  both  to  gases  and  to  vapours,  consists  in  ascertaining 
the  weight  of  that  quantity  of  the  substance  which  in  the  gaseous 
state  occupies  a  known  volume.     In  the  method  of  Gay-Lussac, 
which  can  be  employed  only  in  the  case  of  vapours,  the  reverse 
prniciple— that  of  ascertaining  the  volume  occupied  in  the  gaseous 
state  by  a  known  weight  of  substance— is  employed.    In  both 
cases  the  temperature  of  the  gas  or  vapour,  and  the  pressure  at 
which  It  IS  measured,  must  be  carefully  noted.    The  relation  of 
the  weight  of  a  given  volume  of  substance  in  the  gaseous  state  to 
the  weight  of  an  equal  volume  of  air  or  hydrogen  at  the  same  tem- 
perature and  pressure,  constitutes  tlie  vapour-density  of  the  sub- 
stance.   In  order  that  results  obtained  in  the  measurement  of  erases 
and  vapours  may  be  comparable,  it  is  usual  to  calculate  what  the 
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volumes  would  have  been  had  the  measurement  been  made  under 
the  pressure  of  760  millimetres  of  mercury  (this  being  the  average 
pressure  of  the  atmosphere),  and  at  the  temperature  of  0°  C.  This 
process  is  known  as  "reduction  to  standarct  temperature  and 
pressure."  It  is  employed  even  in  cases  where  the  substance  does 
not  exist  in  the  gaseous  state  under  these  conditions  of  temperature 
and  pressure.  Any  other  temperature  and  pressure  might  have 
been  chosen,  and  the  relations  of  the  volumes  of  different  gases  so 
reduced  would  have  remained  exactly  the  same.  If  v  be  the 
volume  of  a  gas  or  vapour  measured  at  the  temperature  of  t°  C, 
and  under  the  pressure  of  p  millimetres  of  mercury,  its  volume  F 
at  0°  C.  and  760  millimetres  will  be — 


760(1 


This  formula  may  easily  be  deduced  from  the  laws  of  Boyle  and 
Charles. 

All  other  direct  methods  of  determining  vaj)our-densities  are 
modiiicatioiis  of  the  two  just  mentioned. 

The  method  of  ascertaining  the  molecular  weight  from  the 
vapour-density  is  unfortunately  limited  in  its  application.  Allu- 
sion has  already  been  made  (p.  29)  to  the  practical  impossibihty 
of  determining  the  vapour-density  in  the  case  of  the  great  majority 
of  the  elements.  As  regards  compounds,  many  of  these  decom- 
pose in  assuming  the  gaseous  state,  so  that  their  vapours  consist  of 
molecular  mixtures  more  or  less  heterogeneous,  from  the  density  of 
which  no  conclusion  can  be  drawn  as  to  the  molecular  weight  of 
the  original  compound. 

In  the  case  of  such  compounds,  an  indirect  method  has  to  be 
resorted  to.  It  will  be  best  to  illustrate  the  application  of  this 
method  by  a  case  in  which  the  molecular  weight  has  already  been 
deduced  from  the  vapour-density. 

The  analysis  of  a  compound  gives  a  certain  percentage  com- 
position, from  which  an  empirical  formula  (p.  63)  may  be  calcu- 
lated. In  this  way  the  empirical  formula  CHjO  is  obtained  for 
acetic  acid.  But  it  is  evident  that  any  multiple  of  this  formula, 
C2H4O.2,  CgHeOg,  &c.,  would  correspond  equally  well  with  the 
same  percentage  composition,  and  the  question  therefore  arises, 
which  is  the  true  molecular  weight?  Experiment  shows  tint 
107-7  parts  by  weight,  or  1  atom  of  silver,  may  be  substituted  for 
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1  part  of  hydrogen  in  acetic  acid  ;  and  further,  that  in  this  manner 
one-fourth  part  of  the  entire  hydrogen  present  in  the  acid  may  be 
displaced.  As  fractions  of  atoms  do  not  exist,  the  only  legitimate 
conclusion  is  that  the  number  of  atoms  of  hydrogen  in  the  mole- 
cule of  acetic  acid  is  four,  or  some  integer  multiple  of  four.  At 
this  point  the  decision  is  rendered  easy  by  the  knowledge  derived 
from  other  sources  that  acetic  acid  belongs  to  the  class  of  the 
monobasic  acids,  in  the  molecule  of  wliich  only  one  atom  of 
hydrogen  can  be  displaced  by  silver.  Hence  the  molecular  formula 
of  acetic  acid  must  be  CgH^Og.  Adding  together  the  atomic 
weights  (see  table,  p.  7)  of  all  the  atoms  in  the  molecule,  the  mole- 
cular weight  60  is  obtained. 

ISTow  the  vapour-density  of  acetic  acid  determined  at  300°  has 
been  found  to  be  2-08  .(air  =  1).  Substituting  this  \^alue  for  cl  in 
the  formula  Jl/  =  28-9  x  cl,  we  find  M  =  601  as  the  molecular 
weight  of  acetic  acid,  a  number  which  agrees  very  well,  witiiin  the 
limits  of  experimental  error,  with  that  deduced  above. 

As  the  operations  of  weighing,  on  which  the  determinations  of 
the  atomic  weights  depend,  can  be  performed  with  greater  accuracy 
than  those  involved  in  ascertaining  vapour-densities,  it  is  usual 
to  select  as  the  most  tnistworthy  the  molecular  weight  obtained  by 
adding  together  the  atomic  weights  of  all  the  atoms  in  the  mole- 
cule, using  the  vapour-density  only  to  decide  between  two  or 
more  possible  molecvilar  weights.  Thus  in  the  case  of  acetic  acid, 
the  formula  CHjO,  C2H4O2,  and  CgHp^Og  would  represent  the 
molecular  weights  30,  60,  and  90  respectively.  The  number  601 
I  obtained  from  the  vapour-density  leaves  no  doubt  as  to  which  of 
I  these  is  the  true  molecular  weight. 

Melissic  acid  is  a  compound  of  high  molecular  weight,  not 
'Volatile  without  decomposition.  Its  whole  chemical  behaviour 
\  shows  that  it  belongs  to  the  same  class  of  acids  as  acetic  acid ;  this 
I  knowledge  is  of  use  in  determining  the  molecular  weight.  The 
f  empirical  formula  is  C^gH^oO,  which  would  correspond  to  the  mole- 
1  cular  weight  226.  We  have  already  seen  that  107-7  parts  of  silver 
:can  displace  1  part  of  hydrogen  in  60  parts  of  acetic  acid.  In  like 
[manner  experiment  shows  that  1  part  of  hydrogen  in  452  parts  of 
:melissic  acid  may  be  displaced  by  107-7  parts  of  silver.  The  mole- 
cular formula  of  this  acid  is  therefore  C30I-I60O2  =  452,  or  twice 
>as  great  as  the  empirical  formula,  as  was  also  the  case  with  acetic 
lacid. 

When  a  substance  is  not  volatile  without  decomposition,  and 
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is  moreover  incapable  of  forming  compounds  from  wliicli  con- 
clusions can  be  drawn  as  to  its  molecular  weight,  the  determination 
of  this  latter  is  beset  with  still  greater  difficulties.  In  this  case  it 
is  necessary  to  take  the  compound,  as  it  were,  to  pieces,  either  by 
breaking  it  up  into  two  or  more  known  compounds,  or  by  destroy- 
ing one  part  and  leaving  the  rest  intact,  the  object  being  in  every 
case  to  arrive  at  compounds  of  known  molecular  weight.  In  this 
way  more  or  less  trustworthy  conclusions  as  to  the  molecular 
v/eight  of  the  original  compound  may  sometimes  be  arrived  at ;  but 
this  method  is  far  inferior  in  the  certainty  of  its  results  to  the  two 
already  described. 


CHAPTER  VII. 
atomic  weights. 

1.  Deduction  of  the  Atomic  Weight  of  an  Element  fkom 
THE  Vapour-density  of  its  Compounds. 

The  atomic  weight  of  an  element  is  that  weight  which  is  the 
greatest  common  divisor  of  the  various  weights  of  that  element 
occurring  in  the  molecules  of  its  compounds,  the  atomic  weight  of 
hydrogen  being  taken  as  unity.  The  atomic  weights  are  thus 
relative,  not  absolute  weights. 

As  the  molecular  weights  of  volatile  elements  and  of  those 
compounds  which  can  be  vapourised  without  decomposition  have 
alone  been  determined  with  certainty  (all  other  methods,  whatever 
probability  of  accuracy  their  results  may  possess,  being  based  more 
or  less  on  analogy),  it  is  necessary,  in  order  to  determine  tlie 
atomic  weight  of  an  element  according  to  the  above  definition,  that 
it  should  form  a  number  of  compounds  volatile  without  decomposi- 
tion.   The  following  tables  show  the  application  of  this  method:— 
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1  mol. 


Hydrogen   

Chlorine  

Oxygen   

Sulphur  I 

Nitrogen  

Hydrochloric  acid  

Hydrocyanic  acid  

Nitric  oxide   

Nitrous  oxide  

Water  

Carbonic  oxide   

Carbonic  anhydride  . .  .  - 

Methylic  hydride  

Metliylic  chloride  

Methylenic  dichloride  . . 

Chloroform  

Carbonic  tetrachloride  . . 
Dicarbonic  hexachloride. 

Acetone  

MethyUc  oxalate   

Sidphuretted  hydrogen. . 
Disulphur  dichloride. .  . . 
Sulphurous  anhydride  . . 

Boric  fluoride   

Silicic  fluoride   


Mol. 

weight. 


2 
71 

32 
64 
192 
28 

36-5 

27 

30 

18 

28 

44 

16 

50  -5 

85 
119-5 
154 
237 

58 
118 

34 
135 

64 

68 
104-2 


Contains  parts  by  weight. 


2  Hydrogen  

71  Chlorine   

32  Oxygen  

64  Sulphur  

192  Sulphur  

28  Nitrogen   

1  Hydrogen,  35  5  chlorine   

1  Hydi-ogen,  12  carbon,  14  nitrogen 

14  Nitrogen,  16  oxygen   

28  Nitrogen,  J  6  oxygen   

16  Oxygen,  2  hydrogen   

12  Carbon,  16  oxygen   

12  Carbon,  32  oxygen   

12  Carbon,  4  hydrogen   

12  Carbon,  3  hydrogen,  35'5  chlorine 
12  Carbon,  2  hydrogen,  71  chlorine  . 
1 2  Carbon,  1  hydi'ogen,  106-5  chlorine 

12  Carbon,  142  chlorine   

24  Carbon,  213  chlorine   

36  Carbon,  6  hydrogen,  16  oxygen  . . 
48  Carbon,  6  hydrogen,  64  oxygen  . . 

32  Sulphur,  2  hydrogen   

64  Sulphur,  71  chlorine   

32  Sulphur,  32  oxygen ...   

11  Boron,  57  fluorine   

28  2  Silicon,  76  fluorine   . . 


In  the  next  table  the  above  results  are  arranged  so  that  the 
atomic  weights  of  the  various  elements  under  discussion  may  be 
deduced.  The  first  column  contains  the  name  of  the  element ; 
the  second,  the  relative  weights  of  it  occurring  in  the  molecules  of 
its  compounds  above  enumerated — the  smallest  of  these  weights, 
which  generally  coincides  with  the  atomic  weight,  being  placed 
first;  and  the  third,  the  greatest  common  divisor  of  these 
numbers,  this  last  being  identical  with  the  atomic  weight : — 


Element. 


Hydrogen 
Chlorine  . 
Oxygen  . 
Sulphur  . 
Nitrogen . 
Carbon  . 
Fluorine  . 


Kelative  weights. 


1,2,3,4,6   

35-5,  71,  106-5,  154,  213. 

16,  32,  64   

32,  64,  192   

14,  28  

12,  24,  36,  4.S   

57,  76  


G.  C.  D. 


1 

35- 

16 

32 

14 

12 

19 
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Ill  this  way  the  atomic  weights  of  these  elements  have  been 
determined. 

It  will  be  noticed  that  the  smallest  relative  weight  of  fluorine 
occurring  in  the  molecule  of  either  of  its  compounds  above  men- 
tioned is  thrice  its  atomic  weight.  A  compound,  hydrofluoric  acid, 
containing  one  atom  of  fluorine  to  one  of  hydrogen  has  long  been 
known,  but,  though  capable  of  existing  as  a  gas  even  at  ordinary 
temperatures,  its  vapour-density  could  not  be  ascertained,  owing 
to  its  property  of  attacking  the  vessels  of  glass  or  porcelain  in 
which  it  has  to  be  measured.  Latterly,  however,  the  problem 
lias  been  solved,  and  hydrofluoric  acid  is  found  to  possess  the  mole- 
cular formula  HF  =  20*,  and  to  consist  of  19  parts  of  fluorine  to 
1  of  hydrogen.  Organic  compounds  of  fluorine,  concaining  only 
one  atom  of  this  element  in  the  molecule,  have  also  been  dis- 
covered. They  are  volatile  and  do  not  attack  glass,  so  that  their 
vapour-density  may  be  determined  in  the  ordinary  way.  The 
existence  of  these  compounds  places  the  number  now  accepted  as 
the  atomic  weight  of  fluorine  on  a  much  surer  basis. 

It  is  evident  that  the  above  method  alone  can  never  afford 
absolute  certainty  as  to  the  atomic  weights  of  the  elements,  since 
we  can  never  be  sure  that  a  compound  will  not  be  discovered 
containing  in  its  molecule  either  a  smaller  relative  weight  of  an 
element  than  that  which  has  been  deduced  from  the  known  com- 
pounds of  that  element,  or  some  relative  weight  which  is  not  a 
rational  multiple  of  the  received  atomic  weight.  If,  for  example,  a 
compound  containing  8  parts,  or  24  (or  any  odd  multiple  of  8) 
parts  of  oxygen  in  the  molecule  were  to  be  discovered,  it  would  be 
necessary  to  change  the  atomic  weight  of  oxygen  from  16  to  8.  For- 
tunately, however,  two  other  methods  of  fixing  the  atomic  weight 
are  known  (see  pp.  40  and  44),  and  the  agreement  prevailing 
between  the  numbers  determined  by  these  three  totally  independent 
methods  increases  enormously  the  probability  of  their  correctness. 

Apparent  Exceptions  to  Avogaclrds  Za?6-.— There  are  cases  in 
which  the  molecular  weights  as  deduced  from  the  vapour-densities 
give  values  which  are  less  than  the  sum  of  the  weights  of  the 
smallest  possible  number  of  whole  atoms  which  can  go  to  form 
the  compound.  The  following  three  substances,  at  ordinary  tem- 
peratures solids,  will  serve  as  illustrations. 

*  The  above  is  the  molecular  weight  of  hydrofluoric  acid  at  100".  At  25°  it  lias 
the  molecular  weight  40,  corresponding  to  the  molecxxlar  formula  HX,.  This  in  no 
w&y  invalidates  the  foregoing  conclusions. 
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The  vapour-density  of  ammonic  chloride  has  been  found  to  be 
0-89  (ail-  =  1).    The  molecular  weight  would  therefore  be— 

31  =  28-9  X  0-89  =  25-7. 

The  smallest  stoechiometric*  molecule  is — 

NH^Cl  =  53-5  =  2  X  26-75. 

The  molecular  weight  deduced  from  the  vapour-density  would 
therefore  correspond  to  the  formula  N'iH2Cli :  in  other  words,  the 
accepted  atomic  weiglits  of  nitrogen  and  chlorine  would  have  to 
be  halved. 

Phosphoric  chloride  has  a  vapour-density  of  3-65,  or  only  half 
of  that  required  by  its  smallest  stoechiometric  formula  PCI5.  The 
formula  would  therefore  have  to  be  written  PiClf,  and  the  atomic 
weights  of  phosphorus  and  clilorine  would  have  to  be  halved. 

A  still  worse  complication  is  introduced  by  the  vapour-density 
of  ammonic  carbamate,  which  is  0"89,  or  only  one-third  of  that 
which  its  smallest  possible  formula  ISTgHgCOj  demands.  The 
molecular  formula  would  therefore  be  ]Sr|H2C|0f . 

In  order  to  introduce  whole  numbers  of  atoms  into  this  last 
formula,  and  at  the  same  time  into  that  of  ammonic  chloride, 
NiH.^Cli,  it  would  be  necessary  to  give  to  the  atomic  weight  of 
nitrogen  a  value  only  one-sixth  of  that  now  assigned  to  it,  or  2*33 
instead  of  14.  This  would  further  involve  the  assumption  tha.t 
nearly  all  the  other  compounds  of  nitrogen  contain  at  least  six 
atoms  of  nitrogen. 

Fortunately,  however,  these  alterations,  which  would  introduce 
indescribable  confusion  into  chemistry,  would  also  be  erroneous.  It 
has  been  proved  that  all  these  compounds  decompose  in  volatilising. 
The  molecule  of  ammonic  chloride  (NH^Cl)  breaks  up  into  one 
molecule  of  ammonia  (NH3)  and  one  of  hydrochloric  acid  (HCl). 
The  vapour  thus  contains  twice  as  many  molecules  a.''  it  would 
have  done  had  no  decomposition  taken  place :  it  therefore  occupies 
twice  the  volume,  and  consequently  possesses  only  half  the 
density.  The  same  holds  good  concerning  phosphoric  chloride 
(PClg),  which  breaks  up  into  equal  molecules  of  phosphorous  chloride 
(PCI3)  and  free  chlorine  (Cl^).  Ammonic  carbamate  (NjITgCOg) 
decomposes  into  two  molecules  of  ammonia  (KHg,  NH^)  and 
one  of  carbonic  anhydride  (COj),  so  that  the  volume  is  three 

*  Stoechiometric,  pertaining  to  tho  atomic  weights. 
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times,  and  the  density  only  one-third  as  great  as  would  be 
the  case  if  no  decomposition  had  taken  place.  Since  in  all  these 
cases  the  products  of  decomposition  recombine  on  cooling  to  form 
the  original  compound,  the  difficulty  lay  in  proving  that  a 
decomposition  had  really  taken  place.  However,  this  has  been 
satisfactorily  accomplished  by  Various  methods,  both  direct  and 
indirect ;  so  that  it  is  not  necessary  either  to  doubt  the  validity  of 
Avogadro's  law,  as  some  chemists  were  inclined  to  do,  or  to  intro- 
duce intricate  and  contradictory  changes  in  the  accepted  atomic 
weights. 

2.  Determination  OF  the  Atomic  Weights  by  means  of 

Isomorphism.'^ 

Many  different  compounds  crystallise  in  the  same  or  nearly  the 
same  forms.    For  example,  the  salts : — 


Plumbic  nitrate    PbN20f;, 

Baric  nitrate. .   BaNgOg, 

Strontic  nitrate    SrlSTjO^, 


crystallise  in  the  same  forms  of  the  regular  system  (see  Crystal- 
lography). As  any  given  form  of  the  regular  system  has  invari- 
ably the  same  angles,  the  identity  of  form  in  the  above  three  cases 
is  absolute.    Again  : — 

ISTickelous  sulphate   MSO^.GOH^, 

Nickelous  seleniate   MSeO^jGOHj, 

Zincic  seleniate   ZnSeO^jGOHj, 

crystallise  in  the  same  quadratic  forms,  with  angles  almost 
identical  in  the  three  cases,  and  with  the  same  cleavage.f  The 
following  compounds  : — 

Zincic  sulphate   ZnSO^jTOHg, 

Nickelous  sulphate  . .     . .  NiSO^jTOHg, 

Magnesic  sulphate    MgSO^.TOHg, 

Magnesic  seleniate    MgSeO^.TOHg, 

Magnesic  chromate   MgCr04,70H2, 

*  The  selection  of  examples  of  isomorphism  is  borrowed  from  Kopp's  Theoretische 
Chemie. 

I  Cleavage  is  the  tendency  which  some  crystallised  substances  display  when 
broken,  to  split  in  directions  ijarallel  to  the  faces  of  certain  crystalline  forms  of 
these  substances.  Tlie  artificial  forms  thus  produced  are  known  as  " cleavage 
forms." 
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crystallise  in  very  similar  forms  of  the  rhombic  system,  with 
almost  the  same  angles. 

Compounds  which,  like  the  above,  crystallise  in  the  same  or 
nearly  the  same  forms,  and  possess  similar  constitution,  are  termed 
isomorphous.  In  an  isomorphous  group,  those  elements  which 
occur  in  all  the  members  are  called  the  common  elements ;  those 
which  may  be  varied  without  producing  a  change  of  crystalline 
form,  the  corresponding  elements.  The  corresponding  elements  are 
frequently  termed  the  isomorphous  elements,  although  they  do  not, 
when  isolated,  necessarily  crystallise  in  the  same  forms.  The 
sense  in  which  the  term  isomorphous  is  used  when  applied  to  com- 
pounds must  not  be  confounded  with  that  which  it  bears  in  refer- 
ence to  elements.  In  the  former  case,  it  means :  "  possessing  the 
same  form  ;"  in  the  latter,  "  producing  the  same  form." 

In  each  of  the  above  groups  it  will  "be  noticed  that  all  the 
compounds  contain  the  same  number  of  atoms.  It  has  further 
been  found  by  experiment  that  in  an  isomorphous  group  the  cor- 
responding elements  occur  in  the  relative  proportions  of  their 
atomic  weights  as  determined  by  Avogadro's  law.  Hence  it  is 
only  necessary  to  know  the  atomic  weight  of  one  of  the  correspond- 
ing elements  in  a  group  of  isomorphous  compounds  in  order  to 
determine  the  atomic  weights  of  aU.  the  rest.  But  before  illustrat- 
ing this  it  will  be  necessary  to  describe  the  various  groups  of 
isomorphous  elements.  In  such  a  group  the  analogous  compounds 
which  the  various  members  form  with  the  same  element  or 
elements  are  frequently,  but  not  necessarily,  isomorphous. 

1.  Sulphur,  Selenium,  Manganese,  Chromium. — Sulphides  and 
selenides  are  frequently  isomorphous,  for  instance :  PbS  and  PbSe, 
AggS  and  AggSe.  The  salts  of  sulphuric,  selenic,  manganic, 
and  chromic  acids,  with  the  same  base  and  containing  the  same 
number  of  molecules  of  M'ater  of  crystallisation,  are  generally  iso- 
morphous. 

2.  Magnesi%im,  Calcium,  Manganese,  Iron,  Cobalt,  Nickel,  Zinc, 
Cadmium,  Copper. — The  carbonates  of  these  metals  crystallise  in 
rhombohedra  with  rhombohedral  cleavage.  The  cleavage  rhombo- 
hedra  have  almost  the  same  angles.  The  sulphates  are  also  for 
the  most  part  isomorphous,  and  the  same  is  the  case  with,  the 
double  sulphates  of  these  metals  with  potassium  and  ammonium. 

3.  Manganese  and  Iron,  both  members  of  the  preceding  group, 
also  form  another  group  with  Chromium  and  Aluminium.  The 
three  sesquioxides  Fe.pg,  Q\:^0.^,  and  AI2O3,  ore  isomorphous.  The 
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sesquioxicles  of  these  four  metals  combine  with  monoxides  of  the 
general  formula  R"0  to  form  the  spinelles,  which  all  crystallise  in 
the  regular  system  and  possess  the  general  formula  E"0,  "^'''^O^. 
The  sesquioxides  also  enter  into  the  composition  of  the  alums, 
which  all  crystallise  in  the  regular  system. 

4.  Calcium  has  also  isomorphous  relations  with  Strontium, 
Barium,  and  Lead.  All  four  are  connected  by  their  carbonates 
(calcium  as  arragonite)  ;  calcium  and  lead  by  their  tungstates ; 
strontium,  barium,  and  lead,  by  their  anhydrous  sulphates. 

A  simple  enumeration  of  some  of  the  remaining  isomorphous 
groups  must  suffice  : — 

5.  Tungsten  and  Molybdenum. 

6.  Tin  and  Titanium. 

7.  Palladinm,  Platinum,  Iridium,  and  Osmium. 

8.  Potassium  and  Ammonium. 

9.  Sodium  and  Silver. 

10.  Phosphorus,  Arsenic,  and  Antimony. 

11.  Chlorine,  Bromine,  Iodine. 

Elements  whicli  are  isomorphous  with  the  same  element  are 
not  necessarily  isomorphous  with  each  other.  It  would  be  in- 
correct, for  example,  to  say  that  iron  and  sulphur  must  be  iso- 
morphous because  they  are  both  (in  different  ways)  isomorphous 
with  manganese.  Only  those  elements  can  be  said  to  be  isomor- 
phous which  occur  in  the  same  true  group  of  isomorphous  com- 
pounds ;  and  in  a  true  group  of  isomorphous  compounds  all  the 
members  possess  the  same  crystalline  form  and  an  analogous  atomic 
com^josition. 

It  only  remains  to  give  an  illustration  of  the  method  of  apply- 
ing the  law  of  isomorphism  to  the  determination  of  the  atomic 
weights.  From  the  vapour-density  of  their  compounds,  chlorine 
and  sulphur  have  been  found  to  possess  the  atomic  weights  CI  = 
35-5  and  S  =  32.  In  the  isomorphous  sulphates  and  manganutes 
(isomorphous  group  1),  the  corresponding  elements  occur  in  the 
proportion  of  32  parts  by  weight  of  sulphur  to  55  of  manganese. 
In  the  isomorphous  perchlorates  and  permanganates,  the  propor- 
tion in  which  the  corresponding  elements  occur,  is  35-5  parts  of 
chlorine  to  55  of  manganese.  The  atomic  weight  of  manganese  is 
therefore  55.  But  the  metals  of  the  2nd  isomorphous  group  are 
contained  in  their  isomorphous  carbonates  and  sulphates  in  the 
following  relative  proportions  :  manganese  55,  magnesium  244, 
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calcium  40,  iron  56,  cobalt  58-6,  nickel  58-6,  zinc  65-3,  cadmium  112, 
copper  63-2 ;  aud  these  are  therefore  the  atomic  weights  of  those 
elements.  In  like  manner  it  is  only  necessary  to  refer  the  propor- 
tions in  which  the  metals  of  the  4th  isomorphous  group  occur 
in  their  isomorphous  compounds  to  the  atomic  weight  of  calcium 
just  deduced,  Ca  =  40,  in  order  to  determine  the  atomic  weights 
of  barium,  strontium,  and  lead,  which  are  thus  found  to  be  : 
Ba  =  137,  Sr  =  87-5,  Pb  =  206-5. 

The  foregoing  enumeration  of  isomorphous  groups  includes  only 
some  of  the  most  prominent.  There  are  many  others  which  serve 
as  connecting  links,  so  that  it  is  possible  by  means  of  the  law  of 
isomorphism  to  determine  the  atomic  weights  of  nearly  all  the 
elements. 

Isomorphous  compounds  possess  the  property  of  crystallising 
together  in  varying  proportions  to  form  homogeneous  crystals 
belonging  to  the  same  system  as  the  compounds  themselves.  These 
crystals  are  generally  distingushed  by  possessing  simpler  forms  — 
less  variety  of  faces — than  the  crystals  of  the  pure  compounds.  If 
the  angles  of  the  latter  differ  slightly  from  each  other,  the  angles 
of  the  mixed  crystals  will  possess  values  which  lie  between  those 
of  the  pure  compounds.  Thus  tbe  terminal  angle  of  the  cleavage 
rhombohedron  of  pure  calcium  carbonate  is  105°  5' ;  that  of  pure 
magnesic  carbonate,  107°  25' ;  whilst  in  the  case  of  their  isomor- 
phous mixtures,  this  angle  varies  between  these  two  limits, 
inclining  in  the  direction  of  the  compound  which  predominates  in 
the  mixture. 

A  substance  which  crystallises  in  two  different  forms  not 
reducible  to  the  same  system  is  termed  dimorphous.  It  sometimes 
happens  that  two  dimorphous  compounds  are  isomorphous,  in 
which  case  the  two  distinct  forms  frequently  correspond  in  the 
two  compounds.  This  double  isomorphism  is  known  as  isodi- 
morphism.  Antimonious  oxide,  SbjO,,  occurs  naturally  in  regular 
octahedra  as  senarmontite,  and  in  rhombic  prisms  as  valentinite. 
Arsenious  anhydride,  AsgOg,  is  found  in  nature  in  regular  octa- 
hedra as  arsenic  bloom  apd  in  rhombic  prisms  as  claudetite,  these 
two  forms  respectively  corresponding  with  those  of  antimonious 
oxide,  with  which  arsenious  anhydride  is  thus  isodimorphous. 

The  law  of  isomorphism  was  first  enunciated  by  Mitscherlich 
in  1819. 

The  determinations  of  atomic  weights  by  means  of  this  law  are 
not  always  absolutely  certain.    This  uncertainty  has  its  root  in  the 
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fact  that  various  undoubtedly  isomorplious  compounds  are  known 
in  which  the  number  of  atoms  in  the  molecule  is  different.  Thus 
the  salts  of  potassium  (K)  and  ammonium  (NH^)  are  isomorphous. 
Baric  permanganate,  BaMn20g,  is  isomorphous  with  anhydrous 
sodic  sulphate,  ISTajSO^.  In  none  of  these  compounds  can  the  cor- 
responding elements  be  said  to  be  substituted  for  each  other  in  the 
proportion  of  their  atomic  weights. 


3.  Determination  of  the  Atomic  Weights  from  the  Specific 
Heats  of  the  Elements  in  the  Solid  State. 

If  a  kilogram  of  water  at  100°  be  mixed  with  a  kilogram  of 
water  at  0°,  the  temperature  of  the  mixture  will  be  50°,  the  mean 
of  the  other  two  temperatures.  If  a  kilogram  of  iron  filings  at 
1U0°  be  mixed  with  a  kilogram  of  water  at  0°,  the  temperature  of 
the  whole  will  not  be  higher  than  10°.  As  therefore,  a  given 
weight  of  water  in  cooling  through  50°  can  raise  the  temperature 
of  an  equal  weight  of  water  through  50°,  and  as  a  given  weight  of 
iron  filings  in  cooling  through  90°  can  raise  an  equal  weight  of 
water  through  only  10°,  it  is  evident  that  equal  weights  of  iron 
and  water  at  the  same  temperature  contain  very  different  amounts 
of  heat.  Calculated  from  the  above  figures,  the  quantities  of  heat 
contained  in  equal  weights  of  water  and  iron  at  the  same  tempera- 
ture will  be  as       to       or  as  1  to  J .    And  as  the  heat  which 

50     yo  y 

a  body  gives  off  in  cooling  is  et^ual  to  that  which  it  has  taken  up 
in  heating,  it  will  require  9  times  as  much  heat  to  raise  the  tem- 
perature of  a  given  weight  of  water  through  a  given  number  of 
degrees,  as  it  will  to  raise  the  same  weight  of  iron  through  an 
equal  number  of  degrees.  The  relative  capacities  of  bodies  for 
heat  are  known  as  their  specific  heats,  that  of  water  being  taken  as 
unity. 

For  many  reasons  it  is  useful  to  have  a  unit  of  heat,  by  means 
of  which  the  heat  evolved  or  absorbed  in  chemical  or  other  pro- 
cesses may  be  measured.  For  this  purpose  that  qxtuntitij^  of  Jmtt 
required  to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1°  C. 
is  employed  as  the  standard  of  measurement,  and  is  known  as  the 
imit  of  heat,  thermal  unit,  or  caloric.  As  the  specific  heat  of  water  is 
the  unit  of  the  specific  heats,  it  is  evident  that  in  order  to  find  how 
many  units  of  heat  are  required  to  raise  the  temperature  of  a  body 
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tlirouf^h  any  number  of  degrees  of  the  centigrade  scale,  it  will  only 
be  necessary  to  multiply  together  the  weight  of  the  body  expressed 
in  grams,  its  specific  heat,  and  the  number  of  degi'ees  through 
which  its  temperature  has  been  raised*  Thus  the  quantity  of 
heat  required  to  raise  the  temperature  of  2  grams  of  iron  through 
90°,  or  of  180  grams  through  1°  or  of  1  gram  of  water  through  20°, 
or  of  2  grams  through  10°,  is  in  every  case  the  same,  namely  20 
thermal  units. 

Dulong  and  Petit  were  the  first  to  determine  the  specific  heats 
of  a  number  of  the  chemical  elements,  and  they  arrived  at  the 
remarkable  result,  that  the  specific  heats  of  the  elements  in  the  solid 
condition  are  inversely  as  their  atomic  weights.  If  instead  of  deter- 
mining the  specific  heat  of  equal  weights  of  the  elements,  the 
latter  be  taken  in  the  proportion  of  their  atomic  weights,  the 
specific  heats  of  these  atomic  weights  will  be  equal,  or  as  this 
may  be  expressed  :  the  capacities  for  heat  of  the  atoms  of  different 
elements  in  the  solid  state  are  equal :  all  the  elements  in  the  solid 
state  have  the  same  atomic  heat.  The  atomic  heat  may  be  found 
by  miiltiplying  the  specific  heat  of  an  element  by  its  atomic 
weight.  The  average  value  of  the  atomic  heat  for  the  different 
elements  is  6 "4.  The  slight  variations  which  the  atomic  heats  of 
the  various  elements  display,  arise  first  from  the  difficulty  of  deter- 
mining accurately  the  specific  heat,  and  secondly  from  difference  of 
physical  condition  in  the  elements — the  chief  disturbing  influence 
depending  upon  the  fact  that  the  specific  heat  of  an  element  rises 
with  the  temperature,  being  greatest  near  the  fusing  point,  whilst 
the  specific  heats  are  generally  determined  between  0°  and  100°, 
and  consequently  at  varying  distances  from  the  fusing  points  of  the 
different  elements. 

It  is  evident  that  the  law  of  Dulong  and  Petit  must  offer  a 
very  valuable  means  of  checking  doubtful  atomic  weights,  and  of 
determining  such  as  are  not  within  the  reach  of  the  other  two 
methods.  Thus,  gold  forms  no  volatile  compounds,  and  its  iso- 
morphism with  other  elements  is  not  sufficiently  marked  to  be 
available  as  a  means  of  fixing  its  atomic  weight.  But  the  specific 
heat  of  gold  has  been  found  to  be  0-0324,  and  this  number  multi- 
plied by  196,  the  accepted  atomic  weight  of  gold,  gives  6-35, 
closely  approximating  to  the  average  atomic  heat  of  the  elements, 

*  This  mode  of  calculation  is  based  on  the  assumption  that  the  specific  heat  of 
a  body  is  the  same  at  all  temperatures,  -which  is  only  approximately  correct.  As 
will  he  shown  later,  the  specific  heat  increases  with  the  temperature. 
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from  which  it  may  be  concluded  that  196,  and  no  multiple  or  sub- 
multiple  of  this  number,  is  the  true  atomic  weight  of  gold. 

A  glance  at  the  table  of  specific  heats  on  p.  51,  in  which  the 
elements  are  arranged  in  the  order  of  their  atomic  weights,  will 
show  that  the  deviations  from  the  law  of  Dulong  and  Petit  follow 
a  certain  rule.  In  the  case  of  the  elements  of  high  atomic  weight, 
the  agreement  is  almost  always  good,  and  with  these  elements  it  is 
to  be  noted  that  the  variation  of  the  specific  heat  with  the  tem- 
perature at  wliich  it  is  determined  is  but  small.  The  notable 
exceptions  to  the  law  are  to  be  found  among  the  elements  which 
combine  the  two  properties  of  low  atomic  weight  and  low  atomic 
volume  (q.v.).  In  the  following  list  of  these  exceptional  elements, 
the  specific  heats  have  been  determined  at  temperatures  below 
100°.  The  brackets  denote  indirect  determinations  (see  Neumann's 
Law,  p.  46) : — 


Name  of  element.  Atomic  heat. 

Aluminium   5 '7 

Phosphorus   5 '3 

Sulphur   5'1 

Nitrogen    (5) 

Fluorine    (5) 

Oxygen     (4) 

Silicon   3-8  - 

Beryllium  (Glucinum)    3  7 

Boron    2  7 

Hydrogen   (2-3) 


Carbon  (as  diamond  and  in  its"l  ^.g 
compounds)  J 

A  reference  to  Lothar  Meyer's  curve  of  the  elements  (see  dia- 
gram, Classification  of  the  Elements  according  to  their  Atomic 
Weights)  will  show  that  the  whole  of  these  exceptional  elements 
are  to  be  found  in  the  lower  portions  of  the  first  three  periods  of 
the  curve — a  position  which,  from  the  nature  of  this  curve,  falls  to 
these  elements  in  virtue  of  their  low  atomic  weight  and  low  atomic 
volume.  That  low  atomic  weight  alone  is  not  sufficient  to  produce 
deviation  from  the  law  of  Dulong  and  Petit,  is  very  clearly  sliown 
by  the  fact  that  three  elements  of  low  atomic  weight — lithium, 
sodium,  and  potassium— which,  however,  owing  to  their  relatively 
high  atomic  volume,  form  maxima  of  the  curve,  perfectly  conform 
to  the  law.    A  straight  dotted  line,  cutting  the  curve,  has  therefore 
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been  drawn  to  indicate  the  "  limit  of  validity  of  the  law  of  Dnlong 
and  Petit."  The  exceptional  elements  are  all  to  be  found  below 
this  line. 

It  is  probable,  however,  that  even  for  these  exceptional  elements 
there  is  a  temperature  at  which  they  conform  to  this  law.  H.  F. 
Weber,  who  has  carefully  determined  the  specific  heats  of  carbon 
and  silicon  for  a  great  range  of  temperature,  finds  that  the  specific 
heat  rapidly  increases  with  the  temperature  until  a  point  is  reached 
at  which  these  elements  approximately  obey  the  law :  that  is  to 
say,  the  deviations  are  not  much  greater  than  in  the  case  of 
aluminium,  thus  leaving  no  reasonable  doubt  about  the  atomic 
weight.  Above  this  point  the  specific  heat  rises  only  very  slowly 
with  the  temperature.  This  lower  limit  of  conformity  to  the  law 
lies  in  the  case  of  silicon  at  about  200°,  in  the  case  of  carbon  about 
600°.  It  is  worthy  of  note  that  the  various  modifications  of  car- 
bon, which  at  ordinary  temperatures  possess  widely  different 
specific  heats,  have  the  same  specific  heat  as  soon  as  the  above 
limit  is  reached.  Boron  shows  a  similar  rapid  rise  of  specific 
heat ;  but  the  observations  have  not  been  carried  to  temperatures 
sufficiently  high  to  determine  the  lower  limit  of  conformity  in  the 
case  of  this  element :  it,  however,  probably  lies  between  500°  and 
600°. 

Dulong  and  Petit  tried  without  success  to  extend  the  law  of 
specific  heat  to  compounds.  This  was  finally  accomplished  by 
Neumann  (1831),  who  showed  that  chemically  equivalent  quan- 
tities of  similar  compounds  have  the  same  capacities  for  heat.  If 
the  product  of  the  molecular  weight  into  the  specific  heat  be  termed 
the  molecular  heat  of  a  compound,  this  law  may  be  expressed : 
Similar  compounds  have  the  same  molecular  heats.    For  example — 


Compound. 

Mol. 
formula. 

Mol. 
weight. 

Sp.  heat. 

Mol. 
heat. 

Potassic  chloride   

Argentic  chloride  

LiCl 

NaCl 

KCl 

Agd 

4.2-5 
58-5 
74-5 
143-2 

0-2821 
0  -2140 
0-1730 
0-0911 

12 

12-5 
12-9 
13 

It  is  possible  in  this  way  to  determine  the  atomic  heat  of 
elements  which  do  not  exist  at  ordinary  temperatures  in  the  solid 
state.^  Thus  by  subtracting  from  the  molecular  heat  of  potassic 
chloride,  12-9,  the  atomic  heat  of  potassium,  6-6,  the  atomic  heat  of 
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chlorine  is  found  to  be  6-3.  A  study  of  the  above-mentioned 
chlorides  shows  that  the  atomic  heat  of  chlorine  thus  deduced 
varies  according  to  the  chloride  employed ;  but  the  method  of  cal- 
culating its  value  by  subtracting  the  atomic  heat  of  the  other 
element  exaggerates  these  errors.  It  is  further  evident  that  the 
danger  of  error  in  this  indirect  method  of  determining  the  specific 
heat  of  an  element  will  be  greater  the  greater  the  relative  number 
of  atoms  of  other  elements  contained  in  the  molecule  of  the  com- 
pound employed.  But  if  the  molecular  heat  of  a  compound  be  di- 
■\dded  by  the  number  of  atoms  in  the  molecule,  the  variations  caused 
by  difference  of  physical  condition  in  different  compounds  will  be 
distributed  among  the  atomic  heats  of  the  several  atoms  in  the 
molecule  (which  are  probably  all  affected  in  the  same  direction  by 
such  variations),  and  the  average  atomic  heat  of  the  elements  con- 
tained in  that  compound  will  be  obtained.  Thus  the  molecular 
heats  of  the  above  chlorides  divided  by  2  give  numbers  varying 
from  6  to  6-5,  sufficiently  approximating  to  64,  the  average  atomic 
heat  of  the  elements  in  the  solid  state. 

In  this  way  Neumann's  law  has  been  successfully  applied  in 
verifying  the  atomic  weights  of  elements,  the  specific  heats  of  which 
had  not  been  directly  determined.  Thus  in  the  case  of  barium, 
strontium,  and  calcium,  chemists  were  in  doubt  whether  these 
elements  possessed  the  atomic  weights  Ba  =  137,  Sr  =  87'5,  and 
Ca  =  40  ;  or  only  the  half  of  these  weights,  ba  =  68-5,  sr  =  43-8, 
and  ca  =  20 — these  smaller  values  being  formerly  universally 
employed.  In  these  two  cases  the  formulae  of  the  chlorides  would 
be  respectively — 

Mol. 

I'onnula.  weight. 

baCl   104 


Mol. 

formula.  weight. 

BaCL    208 

SrCl,    158-5 

CaCla    Ill 


srCl   79-3 

caCl   55-5 


The  number  of  atoms  in  the  molecule  is  in  the  first  case  3,  in  the 
second  2.  The  specific  heats  of  these  compounds  were  found  to 
be:— 

Baric  chloride   0-0902 

Strontic  chloride   0-1199 

Calcic  chloride    0-1642 

.     molecular  weight  x  specific  heat      ,  ,  . 
Now  the  expression    ^^.^^e,.  of  atoms  in  mo 
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be  approximately  equal  to  6'4,  the  average  atomic  heat.  Substi- 
tuting in  tlii.s  expression;  the  abo-ve  values,  we  find  for 

baCl   x""'^''^  =  47, 

svCl   79-3  X  0-1199  ^ 

caCr   ^5-5  ><  ^^.55. 


ro4 

X 

0-0902 

2 

79  3 

X 

0  1j199 

9 

OO'O 

X 

0^1642 

2 

20a 

X 

0-0902 

3 

J58-5 

X 

0-1199 

3 

111 

X 

0-1642 

3 

and  for 

BaCl^   ^  ^^-^^  =  6-23, 

SrCr,   ....     ^58-5  X  0-1199  ^ 

CaCl^  ....  ^uxu^^  ^  g.Q^^ 

3 

The  values  6-23,  6-33,  and  6-07  approximate  with  sufficient 
closeness  to  6-4 ;  whereas  4-7,  4-75,  and  4-55  differ  widely  from 
feliis  number.  The  formuke  of  the  chlorides  must  therefore  be 
written  BaClj,  SrCla,  audi  eaer^^  and  the  three  elements  must 
possess  the  atomic-  weights-  Ba  =^  1'37,  Sr  =  87-5,  and  Ca  =  40. 
Only  a  few  years-  ago  the  specific  heat  of  metalHc  calcium  was 
determined  for  the  first  time  by  Bunsen,  and  was  found  to  be 
0'17O4.  This  number,  multiplied  by  40,  the  atomic  weight  of 
ealcium,.  gives  6-82  as  the  atomic  heat  of  this  element,  thus 
directly  proving  the  correctness  of  the  above  deduction. 

In  applying  Neumann's  law  to  compounds  in  which  any  of  the 
exceptional  elements  occur,  it  is  necessary  to  introduce  the  special 
value  for  the  atomic  heat  in  calculating  the  molecular  heat  of  tlie 
compound.  In  the  case  of  the  other  elements,  the  average  atomic 
heat,  6-4,  may  be  employed  without  sensible  error :— 
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Name  of 
compound. 

Molecular 
formula. 

Molecular  heat. 

Calculated . 

Found . 

Antimonious  sul- 

SboSs. 

(2 

X  6-4)  +  (3  X  51) 

=  28'1 

28-6 

Potassic  pyro- 

phospliate  .... 

K4P2OJ. 

(4 

X  6-4)  +  (2  X  5-3)  + 

(7 

X  4) 

=  64-2 

63-1 

Calcic  fluoride    . . 

CaPj. 

6-4  +  (2  X  5) 

=  16-4 

16-3 

Cupric  oxide  .... 

CuO. 

■6-4   +  4 

=  10-4 

10-2 

Silicic  anhydride  . 

SiO„. 

3-8  +(2x4) 

=  11-8 

11  -5 

Boric  anhydride. . 

B.,03. 

(2 

X  2-7)  +  (3x4) 

=  17-4 

16  -6 

Sodic  metaborate . 

NaBOi. 

6-4  +    2-7  +  (2  X 

4) 

=  171 

16-9 

Dicarbonic  hexa- 

C2CI6. 

(2 

X  1-8)  +  (6  X  6-4) 

=  42 

42-2 

Suecinic  acid  .... 

C4H6O4. 

(4 

X  1-8)  +  (6  X  2-3)  + 

(4 

X  4) 

=  37 

36  -9 

Thus,  the  molecular  heat  of  a  covipound  is  tlve  sum  of  tJie  atomic 
heats  of  its  elements* 

This  law,  like  the  law  of  Dulong  and  Petit,  of  which  it  is  a 
corollary,  is  only  an  approximate  law.  It  generally  holds  in  the 
case  of  chlorides,  hut  is  an  unsafe  guide  in  the  case  of  oxides, 
especially  if  the  number  of  atoms  in  the  molecule  be  large  (see 
p.  48) ;  indeed,  in  some  cases,  the  attempt  to  deduce  the  atomic 
heat  of  an  element  from  the  molecular  heat  of  its  oxide  has  led  to 
fallacious  results. 

The  following  table  contains  the  specific  and  atomic  heats  of  all 
elements  for  which  the  determination  has  been  made.  In  the 
case  of  carbon,  silicon,  and  boron,  the  values  obtained  at  higher 
temperatures  are  employed.     The  elements  are  arranged  in  the 

*  The  law  of  Neumann  that  the  molecular  heat  of  a  compound  is  the  sum  of  the 
atomic  heats  of  its  elements,  taken  in  connection  with  the  fact  that  the  known 
elements  possess  an  atomic  heat  approximating  to  6-4,  has  a  direct  bearing  upon  the 
Tiew  sometimes  advanced  that  many  or  all  of  the  known  elements  are  m  reaUty 
compounds.    It  is  evident  cither  that  these  supposed  compounds  do  not  contam  aa 
constituents  any  of  the  known  elements,  since  these  have  already  an  approximate 
atomic  heat  of  6  4,  and  the  resulting  "  compound  "  element  would  necessarily  possess 
a  higher  atomic  heat;  or  that  the  mode  of  combination  is  totally  different  from  any 
yet  known  to  chemists.    Further,  as  all  the  known  elements  have  approximately 
the  same  atomic  heat,  the  conclusion  appears  almost  unavoidable,  on  the  "com- 
pound" theorv,  that  tliey  are  all  compounds  of  exactly  the  same  complexity-con- 
taining the  same  number  of  constituent  atoms :  a  degree  of  uniformity  which  natiure 

does  not  usually  exhibit.  ,     ,     r  1  „=  ■ 

Kundt  and  Warburg's  proof  (p.  30)  that  the  molecule  of  mercury  has  no 
internal  motion  of  parts,  and  is,  therefore,  in  all  probability  truly  monatomic,  also , 
appears  to  militate  against  the  "  compound"  theory  of  the  elements. 
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61, 


order  of  their  atomic  weiglits.  The  bracketted  uuinbers  represent 
indirect  determinations. 


Table  of  the  Specific  Heat  of  the  JElements  in  the  Solid  State. 


Name  of  element. 


Hjdrogen  

Lithium   

Beryllluin  (Grlucinum) 

Boron  

Carbon  . ,   , 

Nitrogen   

Oxygen  

Fluorine   

Sodium   . . 

Magnesium   

Aluminium   

SiUcon   , 

Phosphorus  

Sulphur  

Chlorine   

Potassium  

Calcium   

Titanium  

Chromium   

Manganese   

Iron  

Nickel   ■ 

Cobalt  

Copper   

Zinc   

G-allium  

Arsenic  

Selenium  

Bromine   

Eubidium  

Strontium  

Zirconium  

Molybdenum   

Rhodium   

Ruthenium   

Palladium   

Silver.  \\ 

Cadmium  

Indium  

Tin  

Antimony  

Tellurium  \\\ 

Iodine  " 

Banum  


Atomic 
weight. 


1 

7 

9 
11 
12 
14. 
16 
19 
23 

24-4 

27 

28-2 

31 

32 

35-5 

39 

40 

48 

52 

65 

56 

58-6 

58-6 

63-2 

65-3 

68-8 

75 

79 

80 

85-3 

87-5 

90 

95-5 
104 
104 
105 
107 
112 
113-4 
118 
120 
125 
127 
137 


•7 
•7 


Specific 
heat. 


(2-3) 
0-94 
0-45 
0-5*? 
0-46 
(0-36) 
(0-25) 
(0-26) 
0-29 
0-25 
0-21 
0-20 
0-17 
0-16 
(0-18) 
0-17 
0-17 
(0  13) 
(0-12) 
0  12 
Oil 
Oil 
Oil 
0  094 
0-094 
0-079t 
0  081 
0  075 
0-084 
(0  -077) 
(0  -074) 
0-066 
0-072 
0-058 
0  061 
0  059 
0  056 
0-057 
0-057 
0-056 
0-051 
0-047 
0-054 
(0-047) 


Aitomic 
heat. 


(2  -3) 
6-6 

4-  0 

5-  5 

5-  5 

(5) 
(4) 
(4-9) 

6-  7 
6-1 
5-7 
5-6 

5-  3 

6-  1 
6-4 
6-6 
6-8 
6-2 
6-2 
6-6 
6-2 
6-4 
6-4 
5-9 
6  1 
5-4 
61 

5-  9 

6-  7 
(B-6) 
(6-5) 

5-  9 

6-  9 
6'-0 
6-4 
6-2 
6-0 
6-4 
6-5 
6-6 
61 

5-  9 

6-  9 
(6-4) 


t        true^^'^^'tr-^         ^'^""''^         ''^^  experiments  of  Weber.  '  l 
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Table  of  the  Specific  Heat  of  the  Elements — contmued. 


■  'Name"  of  elcmeiit. 

Atomic 
weight. 

Specific 
heat. 

Afcouaic 
heat. 

138-5 

0  045 

6-2 

140-5 

0  -045 

6  -8 

146 

0-046 

6-7 

184 

0-033 

6-1 

192-5 

0  -033 

6-4 

194-4 

0-033 

6-4 

196 

0-032 

6-3 

198-6 

0  031 

6-2 

20O 

0  032 

6-4 

204 

0-034 

6-9 

206-5 

0-031 

6-4 

208-2 

0-031 

6-4 

233  -4 

0  028 

6-5 

238-5 

0  -028 

6-7 

Another  mode  of  expressing  the  above  facts  consists  in  stating 
what  weight  of  each  element  has  the  same  capacity  for  heat  as 
7  parts  by  weight  of  lithinm,  7  being  the  •  atomic  weight  of  that 
metal.  If  the  law  of  Dulong  and  Petit  were  a  perfectly  strict 
law,  the  weights  which  satisfy  these  conditions  would  be  identical 
with  the  atomic  weights.  In  the  following  table  the  aitomic 
weights  are  given  side  by  side  with  these  "specific  heat  equiva- 
lents" in  order  to  indicate  clearly  in  every  case  tlie  extent  of  the 
discrepancy  between  the  two  values  ; — 


Specific  Heat  Equivalents  of  Solid  Elements. 


Name  of  element. 


Lithium  '  

Beryllium  (Grlucinum) 

Boron  |  

Carbon  \  

t^odium  !  

Magnesium  I  

Aluminium  . .  .  

Silicon   • 

Phosphorus  

Sulphur   

Potassium  

Calcium  


Specific  heat. 

Weights  con- 
taining equal 
quantities  of 
heat. 

0-94 

7 

0-45 

14-6 

0-5 

13-2 

0-46 

l4-3 

0-29 

22.-7 

0-25 

26-3 

0-21 

81 -3 

0-20 

32^-9- 

0-17 

38  -7 

0-16 

41  -1 

0-17 

38-7 

0  17 

38--7 

Atomic 
■weight. 


7 

9 
11 
12 
23 

24-4 

27 

28  -2 

31 

32 

89 

40 
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Specific  Heat  Eqinvalents  of  Solid  Elements— conthmed. 


Specific  heat. 

vv  eignts  con- 
taining equal 
quantities  of 
lieat. 

0  Iz 

 ,  

'ft 

0  11 

oy  / 

0  11 

0  11 

oy  / 

0  uy4) 

'7A  'A 

0  oy4 

7U  U 

0  Uyy 

■QQ  .Q 

OO  o 

U  Uol 

A  ■A'7< 
U  V/O 

87  7 

n  -AQ/l 

U  Uo'* 

'7ft  '^l 
/  o  o 

U  tuD 

QQ  'T 

yy  / 

A  •f\'7'9 

Ql  vl 

y  1  4.' 

f\  -AJ^Q 
U  UOo 

llo 

A  -Afn 

1  Aft 

A  •  A^Q 

119 

U  UOO 

lift 

xxo 

xxo 

A  ■A^^'T 

xxo 

A  •  ACifi 
U  UDD 

lift 

XXo 

1  9U 

A  'C\A  T 

1  ACi 
X4U 

1  99 

Xa^ 

-A  l  Si 

X40 

1  Afi 

1 

X^O 

1  QQ 

xyy 

0  033 

199 

0-033 

199 

0-032 

208 

0  031 

212 

0  032 

206 

0-034 

194 

0  031 

212 

0  031 

212 

0-028 

235 

0  -028 

235 

Name  of  element. 


Manganese  . , 

Iron   

Nickel  

Cobalt  

Copper  . . . . . 

Ziuc   

GaUium  . . . . 
Arsenic  .>  . . . 
Selenium  . .  , 
Bromine  . . .  . 
Zirconium.  . 
Molybdenum 
Khodium. . .  . 
Kuthenium  . 
PaUadium. . . 

Silver  

Cadmium  . .  . 

Indium  

Tin   

Antimony . .  . 
Tellurium . .  . 

Iodine  

Lanthanum  . 

Cerium  

Didymium  . . 
Tungsten. . . . 

Iridium  

Platinum. . . . 

Gold  

Osmium  . . . . 
Mercury  .  . .  . 
ThalUum  ... 

Lead  

Bismuth  . . .  . 
Thorium  . ,  . 
Uranmm  ...  . 


Atomic 
weight. 


'55 

56 

58-6 

58-6 

63-2 

65-3 

68-8 

125 

79 

80 

90 

95-5 

104 
.104 

105-7 

107-7 

112 

113-4 

118 

120 

125 

127 

138-5 

140-5 

146 

184 

192-5 

194-4 

196 

198-6 

200 

30* 

206-5 

208-2 

233-4 

238  -5 


CHAPTER  VIII. 

■CHEMICAL  NOTATION.  A.TOMICITY. 

The  use  of  symbols  in  place  of  words,  for  recording  the  compo- 
sition of  chemical  compounds,  and  of  equations  for  expressing 
chemical  changes,  has  long  been  necessary  to  accurate  description 
and  ha.s  contributed,  in  an  important  degree,  .to  the .  development 
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uf  chemistry  into  an  exact  science.  Unfortunately  there  has  been, 
'  and  still  is,  much  diversity  of  opinion  amongst  chemists  as  to  the 
best  kind  of  symbols  to  be  used  and  the  extent  to  which  these 
should  be  employed  for  expressing  the  constitution,  as  well  as  the 
composition,  of  chemical  compounds.  It  would  serve  no  useful 
purpose  and  would  only  confuse  the  student  to  review  the  various 
systems  of  notation  in  actual .  use  amongst  chemists,  and  the 
description  will  therefore  be  here  confined  to  two  of  those  systems, 
which  have  been  extensively  used  for  many  years,  and  as  these 
systems  are  based  on  the  doctrine  of  atomicity,  this  subject  has 
been  introduced  into  the  present  chapter. 

Symbolic  Notation. — Every  element  is  represented  by  a 
symbol,  which  is  frequently  the  initial  letter  of  the  name  of  the 
element ;  but  as,  in  some  cases,  the  names  of  two  or  more  elements 
begin  with  the  same  letter,  it  is  necessary  to  distinguish  them  by 
the  use  of.  a  second  letter  in  small  type,  which  is  either  the  second 
letter  of  the  word,  or  some  other  letter  prominently  heard  in  its 
pronunciation;  thus  carbon,  cadmium,  cobalt,  and  cerium  all 
begin  with  the  same  letter;  but  they  are  distinguished  by  the 
symbols  C,  Cd,  Co,  and  Ce,  In  the  use  of  the  single  letters,  tlie 
non-metallic  elements  have  the  preference  ;  thus  oxygen,  hydrogen, 
nitrogen,  sulphur,  phosphorus,  boron,  carbon,  iodine,  and  fluorine 
are  expressed  by  the  single  letters  0,  H,  N,  S,  P,  B,  C,  I,  and  F  ; 
whilst  the  metals  osmium,  mercury,  nickel,  strontium,  platinum, 
bismuth,  cobalt,  iridium,  and  iron  are  symbolized  by  two  letteis 
each ;  thus  Os,  Hg  (hydrargyrum),  Ni,  Sr,  Pt,  Bi,  Co,  Ir,  and  Fe 
(ferrum).  In  the  selection  of  the  single  letters  for  other  cases, 
preference  is  given  to  the  most  important  element ;  thus  sulphur, 
selenium,  and  silicon  are  all  non-metallic  elements,  beginning  with 
the  same  letter ;  but  sulphur  being  the  most  important,  the  single 
letter  S  is  assigned  to  it,  whilst  selenium  and  silicon  are  denoted 
respectively  by  Se  and  Si. 

The  symbols  of  compounds  are  formed  by  the  juxtaposition 
of  the  symbols  of  their  constituent  elements.  Such  a  group  of  two 
or  more  symbols  is  termed  a  chemical  fm'mula.    Thus  : — 

Argentic  chloride   AgCl. 

Zincic  oxide   ZnO. 

The  symbols  not  only  represent  the  elements  for  which  they  are 
used,  but  they  also  denote  a  certain  definite  proportion  by  weight 
of  each  element;  the  formula  HCl,  for  instance,  does  not  . merely 
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•lenote  a  compound  of  hydrogen  and  chlorine,  but  it  signifies  a 
molecule  of  that  compound  containing  one  atom  (1  part  by  weight) 
(tf  hydrogen,  and  one  atom  (35-5  parts  by  weight)  of  chlorine. 
\Vlien,  therefore,  the  molecule  of  a  compound  contains  more  than 
one  atom  or  combining  proportion  of  any  element,  it  is  necessary 
to  express  the  fact  in  its  formula :  this  is  done  by  the  use  of  a 
small  subscript  coefficient  placed  after  the  symbol  of  the  element : 

Zincic  chloride   ZnClg. 

Ferric  chloride   re2Clg. 

Stannous  chloride   SnClg. 

Stannic  chloride    SnCl^. 

When  it  is  necessary  to  denote  two  or  more  molecules  of  any 
compound,  a  large  figure  is  placed  before  the  formula  of  the  com- 
pound ;  such  a  figure  then  affects  every  symbol  in  that  formula  : 
thus  3SO4H2  means  tlu-ee  molecules  of  the  compound  SO^Hj. 

The  changes  which  occur  during  chemical  action  are  expressed 
by  equations,  in  which  the  symbols  of  the  elements  or  compounds, 
as  they  exist  before  the  change,  are  placed  on  the  left,  and  those 
which  result  from  the  reaction  on  the  right.  Thus,  taking  an 
example  from  each  of  the  five  kinds  of  chemical  action  (see 
Chemical  Affinity)  we  have 

(1)  Zn    +    Cl^    =  ZnCl2. 

Zinc.        Cblorine.    Zincic  cliloride. 

(2)  2HCI    f    Zn    =    ZnClj    +  H,. 

Hydrochloric        Zinc.  Zincic  Hydrogen, 

acid.  chloride. 

(3)  SO^Cu    +    (N03)2Ba    =    SO^Ba    +  (N03)2Cu. 

Cupric  Baric  nitrate.  Baric  Cupric 

sulphate.  sulphate.  nitrate. 

(4)  (CN)O(NH,)    =  N^H.CCO). 

Amnionic  cyanate.  Urea. 

(5)  2OH2    =    0,    +  2H2. 

Water.  Oxygen.  Hjdrogen. 

The  sign  +,  as  seen  from  the  foregoing  examples,  is  placed 
between  the  formulae  of  the  molecules  of  the  different'substances 
which  are  brought  into  contact  before  the  reaction,  and  of  those 
which  result  from  the  change.  This  sign  must  never  be  used  to 
connect  togethei-  the  constituents  of  one  and  the  same  chemical 
compound. 
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The  sign  —  is  only  very  rarely  used  in  chemical  notation,  but' 
when  employed  it  lias  the  ordinary  signification  of  abstraction ; 
thus, 

SO4H2    -  ^  SO,,-. 

Sulphuric  Water.  Sulphuric 

acid.  anhydride. 

Use  9f  the  Bi^acket. — The  braeTcet  has  been  employed  in  various 
senses  in  chemical  formulae;  but  in  the  present  work  it  is  used  in 
notation  for  one  purpose  only,  viz.,  for  expressing  chemical  combi- 
nation between  two  or  more  elements  which  are  placed  perpendi- 
cularly with  regard  to  each  other  and  next  to  the  bracket  in  a 
formula.    Thus  in  the  following  cases, 

L  .11.  II. 

rcHg  rCHj  N0„0 

ICH3  ^0  Ba 

LCHg  NO2O 

the  formula  No.  I  signifies  that  two  atoms  of  carbon  are  directly 
united  with  each  other,  No.  II  that  two  atoms  of  carbon  are  linked 
together,  as  it  were,  by  an  .atom  of  oxygen,  the  latter  being  united 
to  both  cari)Oii  atoms  ;  whilst  in  like  manner  No.  Ill  indicates  that 
one  atom  of  oxygen  in  th&  formula  of  the  upper  line  is  linked  to 
another  atom  of  oxygen  in  the  formula  of  the  lower  line,  by  an 
atom  of  barium. 

Use  of  Thick  Letters. — As  a  rule,  the  formulae  in  this  book  are 
so  written  as  to  denote  that  the  element  represented  by  fclie  first 
symbol  of  a  formula  is  directly  united  with  all  tlie  active  bonds 
(see  p.  61)  of  the  other  elements  or  compound  radicals  following 
upon  the  same  line :  thus  the  formula  S02(QH)2  (sulphuric  acid) 
signifies  that  the  hexad  atom  of  sulphur  is  combined  with  the  four 
bonds  of  the  two  atoms  of  oxygen,  and  also  with  the  two  bonds  of 
the  two  semimolecules  of  hydroxy!  Such  a  formula  is  termed  a 
constitutional  foi^mula* 

Occasionally,  however,  owing  to  the  atomic  arrangement  of  a 
compound  not  being  known,  its  formula  cannot  be  written  accord- 
ing to  this  rule ;  and  in  order  to  prevent  such  formulae,  whetliei- 
moJecidar  or  empirical^  from  being  mistaken  for  constitutional 

*  For  further  information  on  this  subject  see  Atomicity  of  Elements  and 
CoMPorND  Eadicals. 

t  A  molecular  formula,  sometimes  called  rational,  is  one  in  which  the  atomic 
composition  of  a  molecule  is  expressed,  but  without  reference  to  the  manner  in  whicli 
the  elements  are  combined  amongst  themselves.    An  empirical  formvla  mcrvh 
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fonniilc^,  the  first  symbol  of  a  constitutional  formula  will  always 
be  printed  in  thick  type.  As  a  rule,  the  element  having  the 
greatest  number  of  bonds  will  occupy  this  prominent  position. 
Thus, 

"Sulphuric  acid   80^(011)2. 

Water   OI^- 

Nitric  acid   NO.,(OH). 

Microcosmic  salt  ...     . .  PO(OH)(ONHJ(ONa). 

Atomicity  of  Elements. 

It  has  loeen  already  stated  that  the  atomic  weight  of  an  element 
is  the  smallest  proportion  by  weight  in  wliich  that  element  enters 
into  or  is  expelled  from  a  chemical  compound.  The  atoms  of  the 
various  elements,  the  relative  weights  of  wliich  are  thus  expressed, 
possess  very  different  values  in  cliemical  reactions.  Thus  an  atom 
of  zinc  is  equivalent  to  two  atoms  of  hydrogen,  for  when  zinc  is 
brought  into  contact  with  steam  at  a  high  temperature,  one  atom 
of  zinc  expels  from  ihe  steam  two  atoms  of  hydrogen,  and  occupies 
their  place — thus, 

OH2    +    Zn    =    OZn  + 

Water.  Zincic  oxide. 

Again,  when  ziiicic  oxide  is  brought  into  contact  with  hydro- 
chloric acid,  the  place  of  the  zinc  becomes  once  more  occupied  b}' 
hydrogen,  but  two  atoms  of  hydrogen  are  found  to  be  necessary  to 
take  the  place  of  one  atom  of  zinc  : 

OZn      +      2HC1     =     ZnCl2     +  OH2, 

Zincic  oxide.    Hydrochloric  acid.    Zincic  chloride.  Water. 

In  like  manner  one  atom  of  boron  can  be  substituted  for  three 

expresses,  by  the  smallest  integers,  the  proportional  number  of  atoms  of  each 
element  entering  into  the  composition  of  a  compound.  Thus  the  three  formulte  of 
ferric  hydrate  are  written  : — 

Empirical  formula    FeH":,03. 

Molecular  formula   FejUgOe. 

Constitutional  formula    re.,(0H)6. 

Constitutional  or  rational  formula;  are  therefore  essentially  molecular  formulir, 
whilst  empirical  formulfe  afford  no  indication  of  the  number  of  atoms  contained  in 
a  molecule  :  they  are,  in  fact,  only  used  to  express  the  composition  of  substance', 
the  molecular  weights  of  which  are  either  unknown  or  cannot  be  inferred  froni 
analogy. 
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atoms  of  hydrogen,  one  of  carbon  for  four,  one  of  nitrogen  for  five, 
and  one  atom  of  sulphiu'  for  no  fewer  than  six  atoms  of  hydrogen. 

This  combining  vahie  of  the  elementary  atoms,  which  was  first 
discovered  in  the  compounds  of  certain  metals  with  organic  radicals, 
is  termed  their  atomicity,  equivalence,  valency,  or  atom-fixing  poioer  ; 
and  an  element  with  an  atom-fixing  power  equal  to  that  of  one 
atom  of  hydrogen  is  termed  a  monad,  one  with  twice  that  power  a 
dyad,  with  thrice  a  triad,  with  quadruple  a  tetrad,  with  quintuple 
a  pentad,  and,  with  an  atom-fixing  power  equal  to  six  times  that  of 
hydrogen,  a  hexad. 

To  avoid  any  speculation  as  to  the  nature  of  the  tie  which  enables 
an  element  thus  to  attach  to  itself  one  or  more  atoms  of  other 
elements,  each  unit  of  atom-fixing  power  will  be  named  a  hand, — 
a  term  which  involves  no  hypothesis  as  to  the  nature  of  the  con- 
nexion. A  monad  element  has  obviously  only  one  such  bond ;  a 
dyad,  like  zinc,  two  \  a  triad,  like  boron,  three,  and  so  on.  The 
number  of  bonds  possessed  by  an  elementary  atom  may  be  iisefully 
symbolised  by  lines  in  the  following  manner : — 

Hydj'ogen    H — 

Zinc   — Zn — 

Boron   B 


Carbon   — C — 

1 

\1/ 

Nitrogen   N 

/  \ 

\/ 

Sulphur   — S — 

/  \ 

In  symbolic  notation,  the  same  idea  is  conveyed  by  the  use  of 
dashes  and  Roman  numerals  placed  above  and  to  the  right  of  the 
symbol  of  the  element,  thus  : — 

Hydrogen   H',  Carbon   O", 

Zinc   Zn,"        Nitrogen   N^, 

Boron   B"',         Sulphur    S-. 

Elements  with  an  odd  number  of  bonds  are  termed  i?eriss«//.s 
whilst  those  with  an  even  number  are  named  artiads. 
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'  With  very  few  exceptions,  elements,  either  alone  or  in  com- 
bination, are  never  found  to  exist  with  any  of  their  bonds  free  or 
disconnected;  hence  the  molecules  of  all  elements  with  an  odd 
member  of  bonds  are  geyieralkj  diatomic,  and  always  polyatomic ; 
that  is,  they  contain  two  or  more  atoms  of  the  element  united 
together.    Thus : — 

Symbolic.  Graphic. 

Hydrogen     . .     H  H 

Chlorine   Cl^   CI— CI 

Nitrogen    

P=P 

Phosphorus    P\   Ill  III 

P=P 

An  element  with  an  even  number  of  bonds,  however,  can  exist 
as  a  monatomic  molecule,  its  own  bonds  apparently  satisfying 
each  other.    Thus : — 

Symbolic.  Graphic. 

Mercury   Hg"   [~ 

Cadmium   Cd"   C^!^ 

Zinc   Zn"  


It  is  nevertheless  obvious  that  such  an  element  may  also  exist 
as  a  polyatomic  molecule.  Oxygen  furnishes  us  with  an  example 
of  this;  for  in  its  ordinary  condition  it  is  a  diatomic  molecule,  and 
in  the  allotropic  form  of  ozone,  a  triatomic  molecule  : — 

SymboHc.  Graphic. 

Oxygen..    0"^    0=0 

0-0 

Ozone    0",    \/ 

^  0 

In  order  to  avoid  the  unnecessary  use  of  atomicity-marks  in 
symbolic  notation,  they  will  never  be  attached  to  a  monad,  or  to 
oxygen,  which,  it  must  be  remembered,  is  always  a  dyad.  Neither 
will  the  atomicity  coefficient  be  attached  to  the  tetrad  element 
carbon,  in  the  formute  of  organic  bodies,  unless  this  element  plays 
the  part  of  a  dyad,  an  occurrence  of  extreme  rarity.  When  not 
otherwise  marked,  therefore,  carbon  must  always  be  understood  to 
be  a  tetrad. 

It  will  also,  as  a  rule,  be  unnecessary  to  mark  the  atomicity  of 
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the  elements  which  are  expressed  by  symbols  in  thiclt  t}'pe, 
because  their  atomicity  is  clearly  indicated  by  the  sum  of  the 
atomicities  of  the  elements  m  compound  radicals  placed  to  their 
right,  or  connected  with  them  perpendicularly  by  a  bracket.  Thus 
in  the  formula 

/CCI3 

Iccv 

each  atom  of  carbon  is  united  with  three  atoms  of  the  monad 
chlorine,  whilst  the  bracket  indicates  that  the  two  atoms  of  carbon 
are  also  united  by  one  bond  of  each,  thus  denoting  C  to  be  a  tetrad 
element. 

From  what  has  just  been  said  with  regard  to  carbon,  it  is 
evident  that  the  atomicity  of  an  element  is,  apparently  at  least, 
not  a  fixed  and  invariable  quantity ;  thus  nitrogen  is  sometimes 
equivalent  to  five  atoms  of  hydrogen,  as  in  ammonic  chloride,, 
(N^'H^Cl),  sometimes  to  three  atoms,  as  in  ammonia  (N'^Hg),  and 
sometimes  to  only  one  atom,  as  in  nitrous  oxide  (ONj).  But  it  is 
found  that  this  variation  in  atomicity  takes  place,  with  very  few 
exceptions,  by  the  disappearance  or  development  of  an  even  number 
of  bonds  :  thus  nitrogen,  except  in  nitric  oxide  (NO)  and  dis- 
sociated nitric  peroxide  (NOj),  is  either  a  pentad,  a  triad,  or  a 
monad ;  phosphorus  and  arsenic,  either  pentads  or  triads ;  carbon 
and  tin,  either  tetrads  or  dyads  ;  and  sulphur,  selenium,  and  tellu- 
rium, either  hexads,  tetrads,  or  dyads. 

These  remarkable  facts  can  be  explained  by  a  very  simple  and 
obvious  assumption,  viz.,  that  one  or  more  pairs  of  bonds  lelonging 
to  the  atom  of  an  element  can  unite  and,  having  saturated  each  other, 
become,  as  it  were,  latent.  Thus  the  pentad  element  nitrogen 
becomes  a  triad  when  one  pair  of  its  bonds  becomes  latent,  and  a 
monad  when  two  pairs,  by  combination  with  each  other,  are,  in 
like  manner,  rendered  latent,  —conditions  which  may  be  graphically 
represented  thus  : — 

Pentad.  Triad.  Monad. 

\l/  I  n 

N  — N—  N—  . 

And  in  the  case  of  sulphur : — 

Hexad.  Tetrad.  Dyad. 
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Adoptiii^g  tliis  hypotliesis,  it  will  be  convenient  to  distinguish 
the  maximum  number  of  bonds  of  an  element  as  its  absolute 
atomicity,  the  number  of  bonds'  united  together  as  its  latent 
atomicity,  and  the  number  of  bonds  actually  engaged  in  linking  it 
with  the  other  elements  of  a  compound  as  its  active  atomicity. 
The  sum  of  the  active  and  latent  atomicities  of  any  element  must 
evidently  always  be  equal  to  the  absolute  atomicity.  Thus  in 
sulphuric  acid  (S'^OgHoj)  the  absolute  and  active  atomicities  are 
both  =  VI,  therefore  the  latent  atomicity  =  0.  In  sulphurous 
acid  ('''S'^OHo2)  the  active  atomicity  =  iv,  and  consequently  the 
latent  =  vi  —  iv  =  n ;  whilst  in  sulphuretted  hydrogen 
('^'S^Hg)  the  active  and  latent  atomicities  are  respectively  ii 
and  IV. 

The  apparent  exceptions  to  thi&  hypothesis  nearly  all  dis- 
appear on  investigation.  Thus  iron,  which  is  a  dyad  in  ferrous 
compounds  (as  FeClj),  a  tetrad  in  iron  pyrites  (FeS'^j),  and  a 
hexad  in  ferric  acid  (Pe02(OH)2),  is  apparently  a  triad  in  ferric 
cliloride  (PeCl3) ;  but  the  vapour-density  of  ferric  chloride  shows 
that  its  formula  must  be  doubled— that,  in  fact,  the  two  atoms  of 
the  hypothetical  molecule  of  iron  (Fej)  have  not  been  completely 
separated.  The  formulae  of  the  ferrous  and  ferric  chlorides  and  of 
ferric  acid  then  become 


Symbolic^ 


Ferrous  chloride 


i^Pe^Cla- 


or 


CI  cr 


Ferric-  chloride ..  ► 


■Pe^'aCl, 


CI— Fe=Fe— CI 


CI  CI 


CI  CI 


or 


CI  CI 
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0 

Ferric  acid    Pe^02(0H)2.  H— 0— Fe— 0— H 

II 

0 

It  will  be  remarked  that  the  number  of  bonds  supposed  to  be 
combined  with  each  other  in  the  atom  of  iron  in  ferrous  chloride  is 
expressed  in  one  of  the  above  formulae  by  the  atomicity  numeral  iv 
placed  to  the  left  of  the  symbol,  whilst  the  analogous  union  of 
three  bonds  of  each  atom  of  iron  in  ferric  chloride  is  expressed  by 
the  three  dashes  "'  to  the  left  of  the  symbol  Fsj-  These  co- 
efficients of  .  latent  atomicity  will  not,  however,  be  used  in  the  case 
of  the  single  atom  of  an  element,  the  student  being  supposed  to 
have  made  himself  acquainted  with  the  absolute  atomicity  of  every 
element,  as  expressed  in  the  Table  given  in  Chap.  X.  For  a  similar 
reason  it  will  also  rarely  be  necessary  to  express  the  same  idea  in 
graphic  notation.    Thus,  for  instance,  ammonia  will  be  drawn 

H  H 

I  and  not  j 

H— N— H  H— N— H 

U 

It  will  be  necessary,  however,  to  employ  these  coefficients  in 
symbolic  formula  where  two  or  more  atoms  of  the  same  element 
are  joined  together  under  such  circumstances  that  the  number  of 
bonds  uniting  them  cannot  be  found  by  subtracting  the  coefficient 
of  active  atomicity  from  the  absolute  atomicity  of  the  element,  as 
in  hydric  persulphide  ('S'2H2),  for  instance,  which  might  otherwise 
be  viewed  as  '"S'2H2,  or  2H2. 

In  rare  cases,  in  which  oxygen  links  together  two  elements  or 
radicals  in  the  same  line  of  a  formula,  a  hyphen  is  placed  before 
and  after  the  symbol  0,  thus  :— 

rCHg-O-CMeO 
\CH2-0-CMeO- 

Diacetic  glycol. 

Graphic  Notation. — This  mode  of  notation,  althougli  far  too 
cumbrous  for  general  use,  is  invaluable  for  clearly  sliowing  the 
arrantrement  of  the  individual  atoms  of  a  chemical  compound.  It 
is  true  that  it  expresses  nothing  more  than  the  symbolic  notation 
of  the  same  compound,  if  the  latter  be  written  and  understood  as 
above  described;  nevertheless  the  graphic  form  affords  most  im- 
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portant  assistance,  both  in  fixing  upon  the  mind  the  true  meaning 
(if  symbolic  formulte,  and  also  in  making  comparatively  easy  of 
comprehension  the  probable  internal  arrangement  of  the  very  com- 
plex molecules  frequently  met  with  both  in  mineral  and  organic 
compounds.  It  is  also  of  especial  value  in  rendering  strikingly 
evident  the  causes  of  isomerism  in  organic  bodies ;  and  it  is  now 
almost  universally  employed  by  chemists  in  describing  the  results 
of  their  new  discoveries. 

Graphic  notation,  like  the  above  method  of  symbolic  notation, 
is  founded  essentially  upon  the  doctrine  of  atomicity,  and  consists 
in  representing  graphically  the  mode  in  which  every  bond  in  a 
chemical  compound  is  disposed  ol  Inasmuch,  however,  as  the 
principles  involved  are  precisely  the  same  as  those  already 
described  under  the  heads  of  symbolic  notation  and  atomicity  of 
ELEMENTS,  it  is  unnecessary  here  to  do  more  than  give  the  following 
comparative  examples  of  symbolic  and  graphic  formulae  : — 

Symbolie.  Grrapliic. 

Water   'OH2.  -H— 0— H 

0 

II 

Nitric  acid   N02(0H).  0— H 

II 

O 

H 

Animonic  chloride. .     NH^Cl.  H — N — CI 

/  \ 
H  H 

O 

Sulphuric  anhydride    SO3.  S=G 

II 

0 
0 

Sulphuric  acid   S02(0H)2.      H— 0— S— 0— H 

II 

0 

Carbonic  anhydride. .     CO2.  0=C=0 
Potassic  carbonate  ..    C0(0K),2.       K_  0— C— 0— K 

II 

0 
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Symbolic,  G-raphic- 

H 
I 

Marsh-gas    CH^,,  H— C— H 

H 

H    H  H  H 

\  /  \  / 

Ammonic  carbonate  COCONHJg.  H— N— 0— C— 0— N— H 

H        0  H 

0  0 
NOjO'    1       II  II 

Zincic  nitoatff  Zn"  }      ¥— O^Zn-0— N 

N0,0    J       II  II 
0  0 

It  must  be  carefully  borne  in  mind  that  these- graphic  formula-, 
are  intended  to  represent  neither  tlie  shape  of  the  molecules,  nor 
the  supposed  relative  position  of  the  constituent  hypothetical 
atoms.    The  lines  connecting  the  different  atom*  of  a  compound, 
and  which  might  with  equal  propriety  be  drawn  in  any  other 
direction,,  provided  they  connected  together  the  same  elements, 
serve  only  to  show  the  definite  disposal  of  the  bonds,  the  latter 
acrain  being  only  a  concrete  symbolic  expression  of  an  abstract 
train  of  reasoning ;  thus  the  formula  for  nitric  acid 
indicates  that!  two  of  the  three  constituent  atoms-  of  0 
oxygen  are  combined,  with  nitrogen  alone,  and-  are  -^_Q_pj 
consequently  united  tO'  that  element  by  both  their  y 
bonds,  whilst  tlie  third  oxygen  atom  is  combined  both  q 
with  nitrogen  and  hydrogen. 

The  lines  connecting  the  different  atoms  of  a  compound  are 
but  crude  symbols  of  the  bond  of  union  between  them ;  and  it  is 
scarcely  necessEiiy  to  remark  that  no  such  material  connexions 
exist  the  bonds  which  actually  hold  together  the-  constituents  of  a 
compound  being,  as  regards  their  nature,  entirely  unknown. 

It  deserves  also  to  be  here  mentioned  that  grapluc,  like  sym- 
bolic formula;,  are  purely  statical  representations  of  chemical 
compounds :  they  take  no  cognisance  of  the  amount  of  potential 
energy  associated  with  the  different  elements.  Thus  in  the  formukc 
for  marsh-gas  and  carbonic  anhydride, 
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H 

I 

H— C— H  0=0=0 
1 

H 

Marsh-gas.  Carbonic  anbydride. 

there  is  no  indication  that  the  molecule  of  the  first  compound 
contains  a  vast  store  of  force,  whilst  the  last  is,  comparatively,  a 
powerless  molecule. 

Calculation  of  Foemul^.— By  quantitative  analysis  the' 
relative  weights  of  the  various  constituents  of  a  compound  body  are 
discovered,  and  these  relative  weights  are  usually  expressed  in  parts 
per  100.  From  these  numbers  the  formula  of  the  compound  has 
to  be  calculated.  The  percentage  composition  expresses  the  rela- 
tive proportions  of  the  component  elements  in  terms  of  a  common 
unit ;  in  the  formula,  the  proportion  of  each  element  is  expressed 
in  terms  of  its  atomic  weight.  In  order,  therefore,  to  ascertain  in 
what  proportion  of  their  atomic  weights  the  elements  occur  in  the 
compound,  it  is  only  necessary  to  divide  the  proportion  of  each 
element  in  100  parts  of  the  compound  by  the  atomic  weight  of 
that  element.  Thus  the  analysis  of  acetic  acid  yields  the  following 
percentage  composition : —  ° 

In  100  parts. 

Carbon   40-00 

Hydrogen   6-66 

Oxygen   53-33 


99-99 

Dividing  each  of  these  numbers  by  the  atomic  weight  of  the 
element  in  question,  we  find:  =  3-33;  ^  =  6-6G;  and 

5333  ~  ^ 

-yg-  =  3-33.    Therefore  the  atomic  proportion  of  carbon  :  hydro- 
gen :  oxygen  in  acetic  acid  is  as  3-33  :  6-66  :  3-33,  or  as  1  :  2  •  1 
The  formula  of  acetic  acid  would  thus  be  CHjO. 

This  is,  however,  only  the  empirical  formula,  or  smallest  possible 
proportion  of  the  atomic  weights.  We  have  already  seen  (p  35) 
that  the  molecular  formula  of  acetic  acid  is  C^H.O^,  or  twice  a. 
great  as  the  above. 
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COMPOUND  KADICALS. 

The  term  compound  radical  may  be  applied  to  any  group  of  two 
or  more  atoms,  whicli  takes  the  place  and  performs  the  functions 
of  an  element  in  a  chemical  compound.  In  practice,  however,  it 
is  only  applied  to  any  such  group  when  met  with  in  numerous 
chemical  compounds. 

An  element  is  a  simple  radical,  and  enters  into  combination  in 
the  following  manner,  a,  h,  c,  and  d  being  monad  elements,  a"  a 
dyad,  a'"  a  triad,  and  a*''  a  tetrad  element : — 

a    +    I  ~  ah, 
a"  +  2b  =  a!\, 
a'"  +  3&  =  a\, 
&c.  &c. 

A  group  of  elements  replacing  a,  a",  or  a'"  in  the  above  equa- 
tions is  a  compound  radical,  as  in  the  following  examples  :— 

{a"h)    +    h  =  {a"h)h, 

{a"'h)"  +  21  =  {a"'iy\, 
{a"'U)  +    &  =  [a"'hG)b, 

(a}^by"  +  Sb  =  {aH'")b^, 

(aiv&c)"+  2b  =  la^'bcy\, 
(aHcd)  +    b  =  (a^^bcd)b. 

The  o-roup  of  elements  {a"b)  constitutes  a  compound  monad 
radical  equivalent  to  one  atom  of  hydrogen  or  chlorine.  The 
group  (a'"by'  is  a  compound  dyad  radical,  &c.  It  is  therefore 
evident  that  a  polyad  element  is  essential  to  every  compound 
radical ;  in  fact  a  compound  radical  consists  of  one  or  more  atoms  of 
a  polyad  element  in  which  one  or  more  bonds  are  imsatisfied  ;  and  it 
is  either  a  monad,  dyad,  triad,  &c.,  radical,  according  to  the  number 
of  monad  atoms  reqidred  to  satisfy  its  ctctive  atomicity.  Such  a 
radical,  when  a  monad,  triad,  or  pentad,  cannot  exist  as  a  separate 
croup  :'like  hydrogen  or  nitrogen,  when  isolated,  it  combines  with 
itself,  forming  a  duplex  molecule.  It  is,  only  by  the  union  of  two 
atoms  or  groups  of  atoms  that  the  vacated  bonds  can  in  these  cases 
be  satisfied. 
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From  the  above  definition  of  a  compound  radical,  it  is  evident 
that  an  almost  infinite  number  of  such  bodies  must  exist ;  for  in 
the  compounds  of  every  polyad  element  it  is  only  necessary  to 
vacate  successive  bonds  to  create  each  time  a  new  compound 
radical.    Thus  marsh-gas  CH^  minus  one  atom  of  hydrogen  gives, 
the  compoimd  radical  methyl  CH3 ;  minus  two  atoms  of  hydrogen, 
it  forms  methylene  (CHj)" ;  and  by  the  abstraction  of  three  hydro- 
gen atoms  it  is  transformed  into  the  triad  radical  formyl  (CH)"'; 
but,  except  in  a  few  cases,  it  is  not  advantageous  thus  to  incoi'- 
porate,  as  it  were,  compound  radicals,  which,  instead  of  simplifying 
notation   and  nomenclature,   would,   if  thus   multiplied,  only 
•embarrass  them.   'No  compound  radical,  therefore,  ought  to  receive 
recognition  as  such,  unless  it  can  be  shown  to  enter  into  the  com- 
position- of  a  large  number  of  compounds. 

The  following  are  the  names,  symbols,  and  formula  of  the 
inorganic  compound  radicals  recognised  in  the  notation  of  this 
volume  : — 

Molecular    Semimolecular  Semimolecular 


formulae. 

formulae. 

symbols. 

(OH), 

OH 

Ho. 

(SH), 

SH 

Hs. 

NH4 

Am. 

(ONHJ, 

Amo. 

(^2)2 

Ad. 

In  addition  to  these,  certain  compounds  which  metals  form 
•with  oxygen  are  also  regarded  as  compound  radicals  —  foi- 
instance, — 

Molecular    Semimolecular  Semimolecular 
formulae.        formulae.  symbols. 

Potassoxyl   (OK),  OK  Ko. 


Z^^coxjl   (O^Zn)       J  Zn''  Zno". 

lo 

The  essential  character  of  these  last  compound  radicals  is  that 
the  whole  of  the  oxygen  they  contain  is  united  with  the  metal  by 
one  bond  only  of  each  oxygen  atom,  as  seen  in  the  foUowiucr 
graphic  formidse : — 

Hydroxyl   — 0— H 

Potassoxyl     0  K 

2^incoxyl   _0— Zn— 0— 

F  2 


G8' 
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The  metal  thus  hecomes  linked  to  other  elements  by  these 
dyad  atoms  of  oxygen.  The  functions  of  such  compound  radicals 
wiU  be  sufficiently  evident  from  the  following  examples  of  com- 
pounds into  which  they  enter,  and  in  which  their  position  is- 
marked  by  dotted  lines. 


Nitric  acid. 


Potassic  sulphate 


0  ,  

N-1-0— H 

0  ^  

0  ; 


K— 0- 


_S-LO— K 
II  I 

0  I  


Baric  nitrate 


0 

II 

E"- 

II 

0 


0 


Zincic  sulphate. 


LO— Ba— 0-i-N 
 ^  0 

S<i.      \Zn  i 


It  is  not  necessary  to  dignify  all  these  metaUic  compound 
radicals  with  names  ;  the  chief  point  of  importance  about  them 
is  their  abbreviated  notation,  in  which  the  small  letter  o  is- 
attached  to  the  symbol  of  the  metal,  tl^e  atomicity  of  the^adical 
beincr  marked  in  the  usual  manner.    Although  the  small  lettei  a 
in  these  symbols  of  combining  quantities  has  no  more  reference  to 
the  composition  of  the  radical  than  the  d  in  the  corresponding 
symbol  of  amidogen,yet  it  may  usefully  remmd  the  reader  that 
oxT-en  is  always  a  constituent  of  the  compound  radicals  so 
svmbolized    It  must  be  borne  in  mind  that  the  number  of  atoma 
oHxyc^en  in  any  radical  of  this  class  depends  upon  its  atonncity  : 
thus  a  monad  contains  only  one  atom  of  oxygen,  a  dyad  two,  and 
a  triadTways  three,  atoms  of  oxygen.    The  use  of  any  but  monad 
and  dyad  metallic  compound  radicals  is  very  rare. 

It  is  also  in  some  cases  convenient  to  recognise  as  a  radical  the 
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atomic  group  which  remains  when  all  the  hydroxyl  is  abstracted 
from  an  oxyacid,  as  for  instance  : — 


Acid. 

Nitrous  acid   NOHo 

Nitric  acid    NOgHo 

Sulphuric  acid  ....  SOgHog 

Phosphoric  acid. . . .  POH03 


Acid  radical. 


Nitrosyl   (NO) 

Mtroxyl   (NO2) 

Sulphuryl   (SO2)" 

Phosphoryl    ....  (PO/" 

It  is  evident  that  the  atomicity  of  these  elements  must  be  the 
same  as  the  basicity  of  the  acids  from  which  they  are  derived. 

Atomic  and  Molecular  Combination. 

In  all  the  cases  of  chemical  combination  already  considered,  a 
union  of  atoms  has  been  invariably  contemplated.  This  atomic 
union  is  generally  attended  by  the  breaking  up  of  previously 
existing  molecules — two  such  molecules,  by  the  mutual  exchange 
of  their  atomic  constituents,  producing  two  new  and  perfectly 
distinct  molecules.  Thus,  when  chlorine  unites  with  hydrogen  to 
form  hydrochloric  acid,  a  molecule  of  chlorine  and  one  of  hydrogen 
yield  up  their  constituent  atoms,  forming  two  molecules  of  hydro- 
chloric acid, 

CI2  +  H2  =  2HC1. 

In  comparatively  rare  cases,  two  molecules  combine  to  form  only 
•one  new  molecule ;  thus  a  molecule  of  carbonic  oxide  and  one  of 
clilorine  combine  to  form  one  molecule  of  carbonic  oxydichloride 
or  phosgene  gas :  but  the  union  is  even  here  essentially  atomic ; 
for  after  combination  both  the  oxygen  and  chlorine  are  directly 
imited  with  the  atom  of  carbon : — 

C"0     +     CI2    =  Ci-OCV 

Carbonic  oxide.    Chlorine.        Phosgene  gas. 

Chemists  are,  however,  compelled  to  admit  an  entirely  different 
kind  of  union,  which  not  unfrequently  occurs,  and  which  in  con- 
formity with  the  atomic  hypothesis,  may  be  appropriately  termed 
molecular  zmion  or  molecular  comlijiation.  In  the  formation  of 
such  compounds,  no  change  takes  place  in  the  active  atomicity  of 
any  of  the  molecules.  It  is  this  kind  of  combination  which  holds 
together  salts  and  their  water  of  crystallisation,  as,  for  instance,— 
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Soclic  chloride  crystallised  at      -  10°  C   NaCl,  2OH2. 

Sodic  bromide  crystallised  below  +  30°  C   NaBr,  2OH2. 

Sodic  iodide  crystallised  below    +  50°  C   Nal,  2OH2. 

Alum   S408('Al'"206)"^Ko2,24OH2, 

Numerous  other  instances  of  molecular  combination  might  be 
adduced;  but  it  is  only  necessary  here  to  point  out  that  such 
molecular  unions  will  be  distinguished  from  atomic  combinations 
by  the  use  of  the  comma,  as  in  the  above  and  following  examples  : — 

Tetramethylammonic  tri-iodide    NMe^IJj- 

Tetramethylammonic  pentiodide   NMe4l,2l2. 

Tetramethylammonic  iodo-dichloride  . .  NMe^I.Clj. 

In  all  cases,  molecular  combination  seems  to  be  of  a  much 
more  feeble  character  than  atomic  union  ;  for,  in  the  first  place, 
such  bodies  are  generally  decomposed  with  facility  ;  and  secondly, 
the  properties  of  their  constituent  molecules  are  markedly  per- 
ceptible in  the  compounds.  Thus  the  above  periodides  of  the' 
organic  bases  greatly  resemble  iodine  in  appearance. 


CHAPTEE  X. 

Classification  of  Elements. 

It  has  been  already  mentioned  that  the  elements  may  be  divided 
into  two  great  classes,  the  metals  and  the  non-metals  or  metalloids, 
A  second  division  into  positive  and  negative  elements  has  also 
been  explained.  A  third  and  still  more  important  classification  is 
founded  upon  the  atomicity  of  the  elements.  In  the  foUowing 
classified  Table  all  three  methods  are  embodied,  the  names  of  the 
metalloids  being  printed  in  red  type,  and  those  of  the  metals  m 
black,  whilst  the  names  of  the  positive  elements  are  prmted  m 
Eoman  characters,  and  those  of  the  negative  in  italics.  In  addi- 
tion, the  difierent  classes  are  also  divided  into  sections,  consisting 
of  elements  closely  related  in  their  chemical  characters. 
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Classification  of  tlie  Elements  accm'ding  to  their  Atomic  Weights. 
The  Periodic  Law. — The  idea  of  a  possible  connexion  between  tlie 
atomic  weights  of  the  elements  and  their  properties  was  first  sug- 
gested by  the  observation  that  in  many  cases  similar  elements 
could  be  arranged  in  groups  of  three  in  which  the  atomic  weight 
of  the  intermediate  element  was  approximately  the  arithmetical 
mean  of  the  atomic  weights  of  the  highest  and  lowest.  Examples 
of  such  groups,  which  were  termed  "  triads,"  are — 

P  =  31,  As  =  75,  Sb  =  120— 

31  +        =  75-5. 

Cl  =  35-5,  Br  =  80;  I  =  127— 

35-5  +  127  ^  81-25 
2 

Ca  =  40,  Sr  =  87-5,  Ba  =  137— 

40  +        ^  88-5. 
2 

The  most  complete  expression  of  these  relations  that  has  yet  been 
proposed  is  to  be  found  in  the  "  periodic  law  of  the  elements." 

The  fact  that  the  properties  of  the  elements  vary  periodically 
Avith  their  atomic  weights,  was  first  shown  by  Newlands  in  1864* 
More  complete  and  systematic  expressions  of  the  same  law  were 
published  a  few  years  later  by  Mendeleef  and  by  Lothar  Meyer. 

*  Newlands  was  tlie  first  to  point  out  that  the  elements,  when  arranged  in  the 
arithmetical  order  of  their  atomic  weights,  exhibit  a  periodic  recun-ence  of  similar 
properties.  He  stated  that  each  such  period  consists  of  seven  elements,  and  that,  with 
the  eighth  element,  properties  resembUng  those  of  the  first  recur.  To  this  relation 
he  gave  the  name  of  tlie  Laiv  of  Octaves,  comparing  the  periods  of  recurrence  with 
the  octaves  of  the  musical  scale  and  the  elements  within  the  period  with  the  notes 
included  in  the  octave.  Newlands'  system  is  therefore  in  all  essential  points  iden- 
tical with  that  of  Mendeleef,  which  was  published  in  1869  ;  except  tliat  Newlands 
failed  to  recognise  the  existence  of  the  "(ransitional  elements  "-Mendeleef  s  eighth 
group  (see  table,  p.  74)-wliich  divide  the  other  elements  into  groups  of  two 

The  flc^  that  Mendeleef's  table,  published  five  years  later  than  the  first  table 
given  by  Newlands,  is  undoubtedly  more  perfect  in  its  details,  has  led  some  chemists 
to  ascribe  the  discovery  of  the  periodic  law  to  the  foi-mer  investigator.  T  us  is  mani- 
festly unjust.  The  crerlit  of  originating  an  idea  is  due  solely  to  him  who  first  foi- 
mulatesi,  and  this  is  irrespective  of  any  subsequent  deve  opment  .^ich  th  idea 
may  undei-go  at  the  hands  of  others,  provided  that  the  centi^l  idea  ^t-K  rema  n 
unaltered.  No  one,  for  example,  has  ever  ^^g^^ed  that  the  authoi.hip  rf^^^^^ 
modem  atomic  theory  is  to  be  ascribed  to  Canni^.aro  instead  of  to  Dalton,  because 
the  rectification  of  the  atomic  weights  was  the  work  of  the  former  chemist. 
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The  most  precise  of  these  systems  is  that  of  Mendeleef,  which  has 
lately  attracted  much  attention  on  account  of  the  numher  of  new 
facts  which  it  has  enabled  its  author  to  predict.  The  following  is 
a  brief  outline  of  the  method  followed  by  Mendeleef. 

If  all  the  elements  whose  atomic  weights  lie  between  7  and 
35'5  be  arranged  in  the  arithmetical  order  of  their  atomic  weights, 
thus — 

Li=7;    Be=9-4;B=11;     C  =  12  ;  K=14 ;  0=  16  ;  F  =  19  ; 
]Sra  =  23;  Mg=24;  Al=27-3;  Si=28;  P=31;  S  =  32;  Cl=35-5, 

certain  definite  relations  may  be  perceived.  The  character  of  the 
elements  is  here  seen  to  be  subject  to  regiilar  modification,  so  that, 
step  by  step,  as  the  atomic  weights  vary,  the  characters  of  the 
elements  also  vary,  and  by  comparing  the  series  of  elements  from 
Li  to  ¥  with  the  series  from  Na  to  CI,  it  is  manifest  that  this 
variation  is  a  periodic  one,  the  same  changes  of  character  which 
are  met  with  in  traversing  the  first  series,  being  again  found  in  the 
second  series  :  thus  Li  corresponds  to  Na,  Be  to  Mg,  B  to  Al,*  &c. 
The  regularity  of  the  change  in  traversing  a  period  may  be  seen  by 
comparing  with  each  other  the  oxides  of  one  such  series  of 
elements,  writing  these  so  as  to  show  the  relative  quantities  of 
oxygen  with  which  the  same  number  of  atoms  of  the  various 
elements  combine,  instead  of  employing  the  molecular  formulae  of 
the  oxides : — 

Na^O;  Mg^O^;  Al^;  Si^O,;  P^Og ;  S^)  Cl^O^.f 
(MgO)  (SiO^)  (SO3) 

Here  the  proportion  of  oxygen  in  the  various  oxides  throughout 
the  period  is  as  1  :  2  :  3  :  4  :  5  :  6  :  7.  At  the  same  time  there  is 
a  regular  gradation  from  left  to  right  from  the  most  electroposi- 
tive element,  through  the  various  intermediate  stages,  to  the  most 
electronegative  element.  This  periodic  recurrence  of  the  same 
properties  with  the  gradual  increase  of  the  atomic  weight  has  been 
formulated  by  Mendeleef  thus  :  The  properties  of  the  elements  are  a 
periodic  function  of  their  atomic  weights. 

Following  out  this  principle,  Mendeleef  has  tabulated  the  whole 
of  the  elements  on  the  same  plan  : — 

_  *  On  this  supposition  Al  would  liare  to  be  regarded  as  triadic.  Tliis  would  be 
m  harmony  with  the  observed  Tapour-density  of  aluminic  methide,  Al(CJl3)3,  at 

t  Percliloric  anhydride  is  not  known ;  but  the  corresponding  acid  has  been 
prepared. 
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The  Eoman  numerals  indicate  the  groups  or  families  of  similar 
elements,  which  are  thus  arranged  in  vertical  columns  ;  the  Arabic 
numerals  refer  to  the  series  or  periods,  which  are  arranged  hori- 
zontally. As  regards  the  latter,  it  is  to  be  noted  that  there  are 
two  kinds  of  periods — the  one  following  the  even  Arabic  numerals, 
the  other  the  odd.  If  we  confine  our  attention  to  a  single  group, 
we  find  that  the  elements  of  the  even  periods  correspond  witli  each 
other  in  their  properties,  and  that  the  elements  of  the  odd  periods 
likewise  correspond  with  each  other,  but  that  there  is  less  corre- 
spondence of  the  members  of  one  of  these  classes  with  those  of  the 
(ither.  Thus,  in  Group  II,  the  corresponding  elements  of  the 
even  series  are  Be,  Ca,  Sr,  and  Ba ;  of  the  odd  series,  Mg,  Zn,  Cd, 
and  Hg. 

The  series  2  and  3  are  termed  by  Mendeleef  "  short  periods  " ; 
the  remaining  series  are  grouped  together  in  pairs — thus  4  and  5, 
6  and  7,  8  and  9,  &c. — the  two  series  of  such  a  pair  together  con- 
stituting a  "  long  period."  That  is  to  say,  if  we  traverse  the  series  3 
we  find  a  periodic  repetition  of  the  chemical  characteristics  already 
met  with  in  series  2  ;  but  in  order  to  meet  with  a  similar  periodic 
change  of  characteristics — e.g.,  in  order  to  pass  from  a  highly 
electropositive  to  a  highly  electronegative  element — it  is  necessary 
to  traverse  the  entire  double-&e,xies,  4  and  5,  and  again  the  double- 
series  6  and  7,  and  so  on.  The  fuU  significance  of  this  arrange- 
ment— at  first  sight  perhaps  a  somewhat  arbitrary  one — will  be 
shown  further  on. 

In  passing  from  the  left  to  the  right  there  is  in  every  series, 
taking  each  group  in  that  series  in  succession,  a  gradual  increase  in 
the  quantity  of  oxygen  with  which  the  elements  can  unite.  The 
members  of  the  different  groups  taken  in  order  exhibit  a  regular 
change  (generally  an  increase)  of  atomicity,  odd  and  even  atom- 
icities alternating.  Group  VIII  is  anomalous.  In  this  group 
there  are  always  three  elements  in  each  series,  instead  of,  as  in  the 
other  groups,  only  one  element.  These  elements  of  Group  VIII 
<lo  not,  when  taken  in  any  series  in  the  order  of  their  atomic 
weights,  exhibit  the  above  alternation  of  odd  and  even  atomicity  : 
they  are  all  even;  but  their  atomicity  decreases  with  a  rise  of 
atomic  weight.  They  are  termed  by  Mendeleef  "transitional 
elements,"  and  their  place  is  between  the  even  and  the  odd 
■series  of  a  long  period.  This  transitional  group  wHl  be  referred  to 
again  later  on. 

The  grouping  together  of  sodium,  silver,  and  copper  as  similar 


7,6  INORGANIC  CHEMISTEY. 

elements  is  justified  by  tlie  isomorphism,  of  some  of  the  cuprous 
and  argentic  compounds,  and  of  some  of  the  latter  again  with  the 
corresponding  sodium  compounds. 

Mendeleef  has  employed  this  periodic  law  in  the  correction  of 
doubtful  atomic  weights,  and  in  the  prediction  of  undiscovered 
elements. 

Thus,  indium  was  formerly  believed  to  be  a  dyad  with  the 
atomic  weight  76,  and  its  oxide  was  therefore  supposed  to  possess 
the  formula  InO.  With  this  atomic  weight,  it  would  take  its 
place  between  arsenic  and  selenium.  But  there  is  no  vacant  space 
for  it  in  this  part  of  the  table,  and  it  would,  moreover,  have  no 
analogy  with  the  elements  with  which  it  would  have  to  be 
grouped.  Mendeleef  pointed  out  that  by  assuming  indie  oxide  to 
possess  the  formula  Jn^O^,  with  an  atomic  weight  ier  the  metal  of 
114,  indium  would  take  its  place  in  series  7  between  cadmium  and 
tin,  and  as  an  analogue  of  aluminium.  The  correctness  of  this  view 
has  been  demonstrated  by  the  determination  of  the  specific  heat  of 
indium  by  Bunsen. 

Again,  chemists  were  uncertain  whether  uranium  had  the 
atomic  weight  60  or  120.  Mendeleef  showed  that  no  element  of 
either  of  these  atomic  weights  and  of  the  properties  of  uranium 
would  find  a  fitting  place  in  the  table,  but  that  by  assigning  to  it 
the  atomic  weight  240  (238-5),  it  would  take  its  place  as  an 
analogue  of  chromium,  molybdenum,  and  tungsten.  This  change 
has  been  justified  by  the  results  of  the  determination  of  the  specific 
heat  of  uranium  and  by  the  vapour-density  of  various  uranmm 
compounds. 

Acvain  the  determinations  of  the  atomic  weight  of  molybdenum 
left  it'^uncertain  whether  this  element  possessed  the  atomic  weight , 
99  or  96  The  former  of  these  weights  would  place  it  before) 
niobium  and  in  a  group  of  elements  with  which  it  presents  no. 
analocry  In  order  that  it  might  take  its  place  in  Group  VI  as  an  i 
analogue  of  chromium,  its  atomic  weight  must  be  higher  than  J4. 
the  atomic  weight  of  niobium.  A  careful  determination  has  m 
■fact  shown  that  the  atomic  weight  of  molybdenum  is  9o-o. 

Acain  tellurium  was  supposed  to  have  the  atomic  weight  12S. 
In  order  that  it  might  take  its  place  in  the  same  group  as  ite! 
chemical  analogues  sulphur  and  selenium,  it  was  necessary  that  ite 
atomic  weight  should  be  lower  than  127,  the  a  omic  weight  ^ 
iodine.  A  decent  determination  by  improved  methods  has  sho^vu 
■that  the  atomic  weight  of  tellurium  is  125. 
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It  wiU  be  noticed  that  in  the  foregoing  table  one  element, 
(ismium,  has  been  placed  in  a  position  different  from  that  indicated 
by  its  atomic  weight  as  at  present  determined.  Osmium  from  its 
properties  ought  to  have  an  atomic  weight  lower  than  that  of 
iridium,  instead  of  higher  than  that  of  gold.  It  remains  to  be  seen 
whether  experiment  will,  as  in  the  preceding  cases,  verify  this 
prediction. 

Mendeleef  has  shown  that  the  properties,  both  chemical  and 
physical,  of  an  element  may  be  to  a  certain  extent  predicted  from 
tlie  properties  of  what  he  terms  its  "  atomic  analogues."  By  this 
term  he  understands  not  its  chemical  analogues,  but  the  two 
elements  which  stand  on  either  side  of  it  in  the  same  series,, 
together  with  the  two  elements  which  stand  above  and  below  it  in 
the  same  group.  Thus  As,  Br,  S,  and  Te  are  the  atomic  analogues 
of  Se. 

It  will  be  observed  that  there  are  in  the  table  a  number  of 
gaps.  These  correspond,  according  to  Mendeleef,  with  elements 
which  have  not  yet  been  discovered.  If  such  a  gap  is  surrounded 
by  the  requisite  atomic  analogues,  it  is  possible  to  predict  the  pro- 
perties of  the  unknown  element.  Thus  in  the  positions  III  4, 
III  5,  and  IV  5,  Mendeleef  placed  three  unknown  elements  to 
which  he  gave  the  names  ekaboron,  ekahiminium,  and  ehasilicon — 
following  a  system  of  nomenclature  which  he  has  devised  for  the 
designation  of  such  unknown  elements  and  which,  while  referring 
these  to  known  elements  of  the  same  group,  distinguishes  them  by 
prefixing  the  Sanscrit  numerals  eka,  dvi,  tri,  &c.,  according  ±o 
their  position  in  the  group.  Concerning  ekaluminium,  he  states 
that  it  has  an  atomic  weight  of  about  68,  and  a  specific  gravity  of 
about  6'0,  and  that  it  forms  a  sesquioxide.  These  predictions  were 
verified  by  the  discovery  of  gallium,  which  has  an  atomic  weight 
of  68'8,  a  specific  gravity  of  5'9,  and  forms  an  oxide  of  the 
formula  GajOg.  The  new  metal  scandium  is  possibly  Mendeleef's 
ekaboron. 

The  above  prediction  of  the  specific  gravity  of  ekaluminium 
(gallium)  is  rendered  possible  by  the  fact  that  the  physical  as  well 
as  the  chemical  properties  of  the  elements  are  periodic  functions  of 
the  atomic  weight. 

This  may  be  illustrated  by  reference  to  the  magnetic  properties 
of  the  elements.  Faraday  divided  all  substances  into  two  classes : 
those  which  are  attracted  by  a  magnet,  or  paramagnetic  bodies,  and 
those  which  are  repelled  by  a  magnet  or  diamagnetic  bodies.  In 
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the  case  of  the  elements,  the  magnetism  of  the  following  has  been 
determined : — 

Paramagnetic  Elements. 
K,  C,  Ti,  Ce,       0,  Cr,  U,  Mn,  Fe,  Co,  Ni,  Eh,  Pd,  Os,  Ir,  Pt. 

Diamagmetic  Elements. 

H,  JTa,  Cu,  Ag,  An,  Zn,  Cd,  Hg,  Tl,  Si,  Sn,  Pb,  P,  As,  Sb, 

Bi,  S,  Se,  CI,  Br,  I. 

An  inspection  of  these  two  classes  does  not  reveal  any  apparent 
connexion  between  the  chemical  and  the  magnetic  properties  of  the 
elements.  Thus  we  find  that  elements,  chemically  so  closely  re- 
lated as  potassium  and  sodium,  oxygen  and  sulphur,  nitrogen  and 
phosphorus,  titanium  and  silicon,  are  separated  in  the  two  classes. 
Carnelley  has,  however,  pointed  out  that  the  paramagnetic  ele- 
ments are,  without  exception,  to  be  found  in  the  even  series  of 
Mendeleef's  table  and  the  diamagnetic  elements  without  exception 
in  the  odd  series.  Further,  the  paramagnetic  power  of  the  mem- 
bers of  a  paramagnetic  group  of  elements  (thus  Fe,  Co,  Ni) 
diminishes,  and  the  diamagnetic  power  of  the  members  of  a  dia- 
magnetic group  of  elements  (thus  P,  Sb,  Bi,  or  H,  Cu,  Ag,  An) 
increases,  with  increasing  atomic  weight. 

The  fact  that  the  physical  properties  of  the  elements  are  a 
periodic  function  of  their  atomic  weights  is,  however,  most  strik- 
ingly shown  by  the  curve  given  in  the  annexed  diagram.  This 
curve,  which  is  in  reality  a  graphic  expression  of  the  periodic  law, 
was  first  constructed  by  Lothar  Meyer.  It  is  given  here  as  supple- 
menting in  a  remarkable  manner  Mendeleef's  table. 

In  this  curve  the  abscissae  represent  the  atomic  weights,  and 
the  ordinates  the  atomic  volumes  of  the  various  elements  in 
the  solid  state.*  The  curve  is  therefore  primarily  a  graphic  repre- 
sentation of  the  variation  of  the  atomic  volume  with  the  atomic 

*  The  atomic  volumes  of  the  elements  are  the  relative  volumes  occupied  by 
atomic  quantities,  i.e.,  quantities  taken  in  the  proportion  of  the  atomic  weighty. 
These  atomic  volumes  may  be  found  by  dividing  the  atomic  weights  of  the  elements 
by  their  speciCe  gravities  (see  following  chapter) .  In  the  diagram  wherever  tbe 
elements  are  not  known  in  the  soHd  state,  the  hypothetica  course  of  the  curve  is 
represented  by  a  dotted  Une.  As  regards  the  rather  irregular  course  of  the  curve  m 
some  parts,  it  is  to  be  noted  that  the  specific  gravities  of  the  elements  have  not 
always  been  determined  under  strictly  comparable  conditions.  Thus  the  specific 
gravity  of  potassium  is  determined  a  few  degrees  below  its  fusmg-point;  that  of 
platinum  about  2000"  below  the  fusing-pomt. 
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weight.  But  a  brief  inspection  shows  that  it  is  much  more  than 
this. 

In  the  first  place  then,  as  regards  the  atomic  volume,  the  curve 
shows  in  the  plainest  manner  that  this  varies  periodically  with  the 
atomic  weight :  at  one  point  it  reaches  a  maximum,  then  gradually 
decreases  with  increasing  atomic  weight  till  it  falls  to  a  minimum, 
again  rising  to  a  maximum,  and  so  on.  Each  of  these  compound 
periods  of  decrease  and  increase  corresponds  with  one  hollow  of 
the  wave  of  the  curve  extending  from  crest  to  crest.  A  com- 
parison of  this  curve  with  Mendeleef's  tahle  is  highly  instructive, 
especially  when  we  consider  that  the  two  were  constructed  quite 
independently  of  each  other.  In  the  curve  the  periods  of  change 
of  atomic  volume — the  hollows — are  distinguished  by  Eoman 
numerals.  Periods  II  and  III  of  the  curve  correspond  with  Mende- 
leef's two  "  short  periods,"  series  2  and  3  of  the  table.  The  large 
hoUows  of  the  curve,  IV,  V,  &c.,  correspond  with  Mendeleef's 
"  long  periods : "  thus  Period  IV  of  the  curve  is  the  "  long  period  " 
made  up  of  series  4  and  ^5  of  the  table ;  Period  V  is  the  "  long 
period  "  made  up  of  series  6  and  7  of  the  table,  and  so  on.  (The 
latter  part  of  the  curve  has  not  been  finished  for  want  of  data.) 
The  alkali  metals  with  which  Mendeleef's  periods  commence  are 
always  found  at  the  maxima  of  the  curve.  Mendeleef's  "  transi- 
tional elements  "  of  Group  VIII,  the  metals  wliich  lie  between  the 
even  and  odd  series  of  a  "  long  period,"  are  always  found  at  the 
minima  of  the  large  hollows.  Osmium  cannot,  with  its  present 
atomic  weight,  be  made  to  fit  into  this  curve,  any  more  than 
into  Mendeleef's  table. 

Various  other  periodic  relations  between  the  atomic  weights 
and  the  physical  properties  of  the  elements  have  been  indicated  on 
the  diagram  by  appending  to  each  part  of  the  curve  a  list  of  the 
physical  properties  of  the  elements  to  which  that  part  refers.  Thus, 
elements  possessing  the  same  physical  properties  are  to  be  found  in 
corresponding  parts  of  the  curve.  It  is  to  be  noted,  however,  that 
the  alternation  of  "  electropositive — electronegative,"  which  occurs 
only  once  in  Period  II  and  only  once  in  Period  III  of  the  curve, 
occurs  twice  in  Period  IV  and  twice  in  Period  V.  This  is  in 
harmony  with  the  fact  already  referred  to  that  Periods  II  and  III 
correspond  each  with  one  series  of  Mendeleef's  table ;  Periods  IV 
and  V  each  with  two  series. 

It  is  quite  inconceivable  that  the  remarkable  relationships 
expressed  by  the  periodic  law  should  be  a  work  of  chance. 


80. 


INORGANIC  CHEMISTRY. 


No  explanation  of  the  periodic  law  has  yet  been  offered.  At 
present  it  is  an  empirical  law,  established  by  careful  experiment 
and  comparison.  It  stands  in  the  same  relation  to  chemistry  as 
did  the  laws  of  Kepler  to  astronomy  before  the  time  of  Newton. 
Its  explanation  will  in  all  probability  constitute  the  chemical 
theory  of  the  future. 


CHAPTEE  XL 

RELATIONS  BETWEEN  CHEMICAL  COMPOSITION  AND  SPECIFIC  GRAVITY. 

ATOMIC  VOLUME. 

The  relative  volumes  which  atomic  or  molecular  quantities  (quan- 
tities taken  in  the  proportion  of  the  atomic  or  molecular  weights) 
of  substances  occupy,  may  be  found  by  dividing  the  atomic  or 
molecular  weights  of  these  substances  by  their  specific  gravities. 
The  quotients  thus  obtained  are  termed  atomic  volumes  and  mole- 
cular volumes  respectively. 

It  must  not  be  supposed  that  these  quotients  express  the  rela- 
tive volumes  occupied  by  the  atoms  or  molecules.  In  the  gaseous 
state  the  molecules  are  separated  from  each  other  by  distances 
which  are  enormously  great  compared  with  the  diameters  of  the 
molecules  themselves.  In  the  solid  and  liquid  states,  the  atomic 
volumes  could  only  represent  the  relative  volumes  of  the  atoms, 
provided  that  the  spaces  between  the  atoms  were  in  every  case 
proportional  to  the  size  of  the  atoms— an  assumption  for  which 
there  is  not  the  slightest  ground.  The  atomic  volumes,  therefore, 
represent  the  relative  volumes  of  the  atoms,  -plus  the  relative 
volumes  of  their  interstitial  spaces. 

The  molecular  volumes  of  gases  have  already  been  treated  of 
(p.  28),  and  may  be  dismissed  in  a  few  words.  As  the  specific 
gravities  or  vapour-densities  of  gaseous  bodies  are  proportional  to 

X-    ,  molecular  weight         •  ^^ 
their  molecular  weights,  the  quotient  ^^^^^^.^^^3^^^ 

cases  possess  the  same  value.  The  value  of  this  quotient  is  either 
28-9  or  2,  according  as  the  vapour-density  is  referred  to  air  or  to 

hydrogen  (see  p.  26).  j 
The  laws  which  govern  the  relations  between  composition  and  I 


RELATIONS  BETWEEN  CHEMICAL  COMPOSITION,  ETC.  81 

specific  gravity  are  less  simple  in  the  case  of  solids  and  liquifls  ; 
but  here  also  very  striking  regularities  are  manifested. 

As  the  specific  gravity  of  a  solid  or  liquid  denotes  the  weight 
in  grams  of  1  cubic  centimetre  of  the  substance,  so  the  atomic  or 
molecular  volume,  if  the  atomic  or  molecular  weight  be  expressed 
in  grams,  will  represent  cubic  centimetres.  The  atomic  weight  of 
sulphur  is  32,  its  specific  gravity  2.  The  atomic  weight  of  lead  is 
206-5,  its  specific  gravity  11-37.  The  atomic  volume  of  sulphur  is 
therefore  16,  that  of  lead  18-2.  In  grams  and  cubic  centimetres 
this  may  be  expressed  as  follows :  If  2  grams  of  sulphur  occupy 
the  volume  of  1  c.c,  32  grams  will  occupy  16  c.c.  If  11'37  grams 
of  lead  occupy  the  volume  of  1  c.c,  206-5  grams  will  occupy  18-2  c.c. 

Among  the  elements,  the  various  members  of  an  isomorphous 
group  frequently  exhibit  approximate  equality  of  atomic  volume. 


Atomic 
weight. 

Specific 
gravity. 

Atomic 
volume. 

56 

7-79 

7-2 

58-6 

8-60 

6-8 

63  -2 

8-95 

7-1 

55 

8-00 

6-9 

58-6 

8-90 

6-6 

Again : 

192-5 

22  -38 

8-6 

105-7 

11  -40 

9-2 

194  -4 

21  53 

9-0 

104 

12-10 

8-6 

The  members  of  an  isomorphous  group  of  compounds  generally 
have  approximately  the  same  equivalent  volume.  In  the  group  of 
the  spineUes,  which  crystallise  in  forms  of  the  regular  system, 
these  relations  are  as  follows : — 


Molecular 
weight. 

Specific 
gravity. 

Molecular 
volume. 

MgO,Al„03   

142-4 
183-3 

224 
233  -3 
241-3 

41-3 
4i  i  -Q 
46-0 
43-9 
47  -0 
45  -6 

ZnO.ALOg  

3  45 

MnO.CrjOg  

4-58 
4-87 

ZnO.CrjOj   

ZnO.FejOg   

5-31 
5-13 

5  09 

232 

82  INORGANIC  CHEMISTRY. 

The  subject  of  atomic  and  equivalent  volumes  of  solids  has  been 
investigated  by  H.  Kopp,  Schroder  and  others. 

The  molecular  volumes  of  liquids,  when  compared  at  the  same 
temperature,  display  no  regularities.    If,  however,  these  volumes 
be  determined  at  temperatures  at  which  the  tensions  of  the 
vapours  of  the  liquids  are  equal,  that  is  to  say,  at  temperatures  at 
which  the  energy  of  the  molecules  which  fly  ofi"  from  the  surface  of 
each  liquid  is  equal,  and  at  which  temperatures  consequently  the 
liquids  are  in  the  same  condition  as  regards  the  weakening  of  the 
force  of  cohesion,  important  laws  become  manifest.    Under  such 
conditions,  it  seems  that  each  element  has  one  or  more  fixed  atomic 
volumes,  and  that  the  molecular  volume  of  a  compound  in  the 
liquid  state  is  the  sum  of  the  atomic  volumes  of  its  elements.  As 
the  vapour  tensions  of  most  Hquids  have  not  been  determined  for  a 
variety  of  temperatures,  it  is  usual  to  compare  the  molecular 
volumes  at  the  boiling-points  of  the  liquids,  at  which  temperatures 
the  tensions  of  their  vapours  are  equal  to  the  normal  atmospheric 
pressiire  (see  p.  110). 

These  laws  may  be  deduced  and  expressed  as  follows  : — 
1.  A  difference  of  n.CHg  in  the  formula  of  liquid  compounds 
corresponds  to  a  difference  of  n.22  in  the  molecular  volume.  Thus 
methylic  formate  (CaH^Oj),  methyhc  acetate  (C^B^^,  ethylic 
acetate  (C^HgO^),  and  methylic  butyrate  (G.-RM,  whose  formidse 
differ  by  CH2,  differ  in  molecular  volume  by  nearly  22.  (For  a 
comparison  of  the  experimental  with  the  calculated .  results,  see; 

table,  p.  85.)  i 

2  Isomeric  liquids  belonging  to  the'  same  chemical  type,  such 
as  acids  and  ethereal  salts,  alcohols  and  ethers,  ketones  and  aide-- 
hydes  have  the  same  molecular  volume.  Thus  the  molecular  t 
volumes  of  propionic  acid,  ethylic  formate  and  methylic  acetate,- 
■dl  of  which  have  tlie  formula  C^'Re'^,,  closely  approximate  to  86. 

3  The  substitution  of  one  atom  of  oxygen  for  two  of  hydrogen 
causes  a  slioht  increase  of  molecular  volume.     The  molecidar : 
;ohune  of  alcohol  (C.HeO)  is  between  61-8  and  62-5,  that  0  ; 
acetic  acid  (C,H,0,)  lies  between  63-5  and  63-8.  _  Cymene  (C  H 
-and  cuminaldehyde  (€,oH,,0)  differ  similarly  m  their  moleculai. 

A^olumes.  ,      .        1     ■   1  J.  fivfl 

4  In  two  liquids  belonging  to  the  same  chemical  type,  m 
substitution  of  one  atom  of  carbon  tor  ^--o  .iom.  '>t  hy^^^« 
nroduces  no  change  of  molecular  volume.  This  may  be  seen  in 
Tte  case  of  ethylic  benzoate  (C,H,.0,)  and  ethylic  vale«td 
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(CyHi^Oj) ;  benzaldehyde  (C^HgO)  and  valeraldehyde  (CgHioO) ; 
cyraene  (CjoHj^)  and  butyl  (CgH^g). 

As  the  addition  of  CH^  to  the  formula  of  a  compound  produces 
an  increase  of  22  in  the  equivalent  volume  (Law  1),  this  number 
may  be  supposed  to  represent  the  equivalent  volume  of  CH2. 
And  since  (Law  4)  the  exchange  of  C  for  causes  no  change  of 
molecular  volume,  the  atomic  volume  of  C  may  be  taken  to  be 
equal  to  that  of  Hg.  Hence,  the  atomic  volume  of  C  is  equal  to 
22 

—  =  11,  and  that  of       is  also  equal  to  11,  or  that  of  H  =  5-5. 

From  the  increase  in  molecular  volume  which  the  substitution  of 
0  for  H2  causes,  the  atomic  volume  of  0  may  be  calculated  to  be 
equal  to  12-2.  In  this  case  when  0  is  substituted  for  H2,  both 
its  bonds  are  attached  to  the  same  atom  of  carbon,  as  for  example 
when  alcohol  is  converted  into  acetic  acid. 

H  H  HO 

I     I  I  II 

H-C— C— 0-H  H— C-C— 0— H 

I     I  I 
H   H  H 

Alcohol,  Acetic  acid. 

It  win  be  convenient,  in  discussing  the  subject  of  atomic 
volumes,  to  represent  oxygen  thus  attached  by  the  ordinary 
symbol  0,  whereas  oxygen,  which  serves  to  unite  two  elements 
or  groups  of  elements,  as  in  the  case  of  hydroxylic  oxygen,  or  of 
oxygen  in  ethylic  oxide,  will  be  distinguished  by  the  symbol  (&. 
It  is  found  that  the  atomic  volume  of  (®  is  different  from  that  of 
0.  The  value  of  the  former  may  be  deduced  from  the  molecular 
volume  of  water. 

Molecular  volume  of  ©H2    =  IB'S 
Atomic  „       H2  =11 


»    ■         „       ©  7-8 
From  these  four  atomic  volumes, 

Atomic  volume  of  C    =  11 
')  „        H   =  5-5 

„  0  =  12-2 
»        (©  =  7-8 

the  molecular  volumes  of  compounds  containing  only  these  four 
elements  may  be  calculated.    The  numbers  so  deduced  approxi- 

G  2 
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mate  very  closely  to  those  obtained  by  experiment.  It  is  evident 
that  the  value  to  be  assigned  to  the  atomic  volume  of  oxygen  will 
depend  upon  the  constitution  of  the  compound,  and  that  con- 
versely the  molecular  volume  of  a  compound  containing  oxygen 
will  afford  a  means  of  ascertaining  the  part  which  this  element 
plays  in  its  constitution.  A  few  examples  will  suffice. 
The  graphic  formula  of  acetone  is — 

H  H 

I  I 
H— C— C— C— H. 

I    II  I 
H  0  H 

From  this  formula  follows : — 


Atomic  volume  of  C3    =  33 
0     =  12-2 


He   =  33 


» 


Molecular  volume  of  acetone      =  78"2 

The  molecular  -volume  of  acetone  as  determined  by  experiment  is 
between  77-3  and  77-6. 

The  graphic  formtda  of  alcohol  has  been  given  on  p.  83.  The 
molecular  volume  would  be  calculated  thus : 


Atomic  volume  of  C2    =  22 
0    =  7-8 


He   =  33 


» 


Molecular  volume  of  alcohol       =  62-8 

The  observed  volume  is  between  61-8  and  62-5. 

The  graphic  formula  of  acetic  acid  has  been  given  on  p.  83. 
Its  molecular  volume  would  be  as  follows : — 

Atomic  volume  of  =  22 

H,  =  22 

0  =  12-2 

„        ©  =  7-8 


Molecular  volume  of  acetic  acid  =  64-0 
The  experimental  value  is  between  63-5  and  63-8. 
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The  subject  of  the  molecular  volumes  of  liquids  has  been  inves- 
tigated chiefly  by  H.  Kopp,  to  whom  the  enunciation  of  the  above 
laws  is  due.*  The  following  table  contains  a  list  of  his  determi- 
nations of  molecular  volumes  at  the  boiling  point  for  a  number 
of  liquids  into  the  composition  of  wliich  only  carbon,  hydrogen, 
and  oxygen  enter.  The  third  column  contains  the  temperatures  at 
wliich  the  determinations  were  made. 


Molecxdar  Volumes  of  Liquids  containing  Garhon,  Hydrogen, 

and  Oxygen. 


Substance. 


Benzene  , 

Cymene  

Naplithalene  

Aldehyde  

Valeraldehyde  . .  . . 
Benzaldehyde  . .  . , 
Cuminaldehyde . . . 

Butyl  

Acetone  

Water  

Methylic  alcohol . . 
Ethylic  „ 
Amylic  „ 

Phenol  

Benzylic  alcohol  . . 

Formic  acid  

Acetic  „  

Propionic  ,,  

Butyi-ic  „  

Valeric  ,,  

Benzoic  „  

Ethylic  oxide  

Acetic  anhydride . . 
Methylic  formate. . 
Methylic  acetate  . . 
Ethylic  formate. . . 
Ethylic  acetate. . .. 
Methylic  butyrate . 
Ethylic  propionate 
Methylic  valerate  . 
Ethylic  butyrate  , , 
Butylic  acetate. .  . . 
AmyUe  formate  . , . 
Ethylic  valerate.  . . 

Amylic  acetate  

Amylic  valerate  . , , 


Formula. 


C2H4O 
C5H10O 

C,oHi„0 

CH4® 

CflaO® 
C2H4O© 

C4H8O© 
CfiHioO© 

C4H1O0 

C4H60„@ 

C2H4O© 

C4H8O® 

CjHioO® 

CsHiflO® 

CbHioO® 

CfiHioO® 

C„H,20® 

C«H,20® 

CVHhO® 

CyU^O® 

C10H20O® 


Tempera- 
ture. 


80°  C. 
175 
218 

21 
101 
179 
236 
108 

56 
100 

59 

78 
135 
194 
213 

99 
118 
137 
156 
175 
253 

34 
138 

36 

55 

55 

74 

93 

93 
112 
112 
112 
112 
131 
131 
188 


Molecular  volume. 


Observed. 


96  -0—  99 
183-5—185 
149  -2 
56-0—  56 
117  -3—120 
118  -4 
189-2 
•5—186 
-3—  77 

18-8 
-9—  42 
•8—  62 
•6—124 
•6—104 
123-7 
•9—  41 
•5—  63 
85  -4 
•4—107 
•2—131 
126^9 
•6—106 
•9—110 

63  ^4 
•7—  85 
•9—  85 
•4—107 
•7—127 
125-8 
•7—149 
•1—149 
149^3 
•4--150 
•5—173 
•3—175 
244-1 


184 
77 

41 
61 
123 
103 

40' 
63- 

106 
130 

105 
109 

83 
84 
107 
125 

148 
149 

149 
173 
173 


Recently  the  subject  has  been  studied  by  Thorpe,  Ramsay,  and  others. 
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Substance. 


Metbylic  benzoate . 
Ethylic 
Amylic  „ 
Ethylic  cinnamate. 
Metbylic  salicylate 
Etbylic  carbonate . 
Metbylic  oxalate  . . 
Etbylic  „  .. 
Etbylic  succinate. . 


Eormula. 

'1 "  

lenipera- 
ture. 

Molecular  volume. 

Obscrred. 

Calculated. 

190 

148-5— 150-3 

152-0 

C9H10O® 

209 

172-4—174-8 

174-0 

/"t     Tl  /~i 

266 

247-7 

240-0 

260 

211-3 

207-0 

223 

156  -2—157  -0 

159-8 

126 

138-8-139-4 

137-8 

162 

116-3 

117  0 

186 

166  -8—167  -1 

161-0 

C8Hh02©2 

217 

2C9-0 

205-0 

In  like  manner,  from  the  molecular  volumes  of  the  liquid 
chlorides,  bromides  and  iodides,  the  atomic  volume  of  CI  has  been 
determined  to  be  equal  to  22-8,  that  of  Br  27-8,  and  that  of 
I  =  37-5. 

Elements  of  varying  atomicity  like  nitrogen  and  sulphur  seem 
to  follow  some  less  simple  law.  It  is  possible  that  the  atomic 
volumes  of  these  elements  may  vary  in  some  way  with  their 
atomicity ;  but  the  precise  nature  of  this  variation  has  not  been 
ascertained.  The  subject  requires  thorough  investigation  by  the 
light  of  modern  constitutional  formulae. 


CHAPTEE  XII. 

CHEMICAL  AFFINITY. 

Chemical  affinity  has  been  referred  to  at  some  length  in  the  open- 
ing pages  of  this  introduction.  It  may  be  measured  as  regards  its 
extent  and  as  regards  its  intensity.  A  measure  of  the  relative  extent 
of  the  chemical  affinity  of  two  or  more  elements  for  some  other 
element  is  afforded  by  the  number  of  atoms  of  this  element  with 
which  each  can  combine.  Extent  of  affinity  is  thus  directly  con- 
nected with  atcmieity.  Relative  intensity  of  affinity  of  two  or  more 
elements  for  any  given  element  refers  to  the  resistance  which  their 
compounds  with  this  element  offer  to  decomposition.  The  measure 
of  this  intensity  is  the  quantity  of  heat  evolved  in  combination  or 
required  for  decomposition. 
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Extent  and  intensity  of  affinity  are  quite  independent  of  each 
other    Thus  copper  and  mercury  in  the  compounds  CuO  and  HgU 
have  the  same  extent  of  affinity  for  oxygen ;  but  since  mercuric 
oxide  breaks  up  at  a  relatively  low  temperature  into  its  constituents, 
whereas  cupric  oxide  does  not  undergo  decomposition  until  a  tem- 
perature above  1000°  has  been  reached,  and  then  yields  up  only 
a  portion  of  its  oxygen,  the  intensity  of  affinity  for  oxygen  is 
mu3h  greater  in  the  case  of  copper.    Again,  the  extent  of  affinity 
of  carbon  towards  hydrogen  is  four  times  as  great  as  that  of 
chlorine.     This  may  be  seen  in  methylic  hydride  (CH^)  and 
hydrochloric  acid  (HCl).     But  whereas  carbon  and  hydrogen 
cannot  be  made  to  combine  directly  at  all,  chlorine  and  hydrogen 
unite  with  evolution  of  great  heat.    Here  the  element  of  greatest 
extent  of  affinity  has  least  intensity  of  affinity.     One  atom  of 
phosphorus  can  unite  with  three  atoms  of  chlorine,  giving  off  much 
heat,  and  forming  a  compound  which  may  be  distilled  without 
decomposition ;  one  atom  of  silver  can  unite  with  only  one  atom 
of  chlorine,  and  the  resulting  compound  is  decomposed  by  the 
action  of  daylight.     Here  extent  and  intensity  of  affinity  go 
together.* 

Modes  of  Chemical  Action.— Matter  undergoes  chemical 
change  in  five  different  ways,  viz. : — • 

1st.  By  the  direct  combination  of  elements  or  compounds  witli 
each  other. 

2nd.  By  the  displacement  of  one  element  or  group  of  elements 
in  a  body  by  another  element  or  group  of  elements. 

3rd.  By  a  mutual  exchange  of  elements  or  groups  of  elements 
in  two  or  more  bodies. 

4th.  By  the  rearrangement  of  the  elements  or  groups  of  ele- 
ments already  contained  in  a  body. 

*  The  above  can  be  regarded  only  as  an  approximately  correct  statement.  In 
nearly  every  so-called  direct  combination  of  elements  there  is  a  preliminary  decom- 
position of  elementary  molecules  : — 

H2  +  CI2  =  2HC1. 

Here  the  affinity  of.  hydrogen  for  clilorine  is  the  force  which  strives  to  bring  about 
the  reaction,  and  in  this  it  is  opposed  by  the  two  affinities  of  hydrogen  for  hydrogen 
and  of  chlorine  for  chlorine,  which  have  to  be  overcome  before  the  reaction  can 
occur.  Thus,  the  apparently  lower  affinity  of  carbon  for  hydrogen  may  in  reality 
consist  in  a  higher  affinity  of  carbon  for  carbon — the  affinity  of  hydrogen  for 
hydrogen  remaining,  of  course,  the  same  in  both  reactions. 

For  the  same  reason  the  heat  of  combination  is  a  complex  quantity,  and  cannot 
be  regarded  as  an  infallible  measure  of  the  intensity  of  affinity  (see  Thermo- 
chemistry). 
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5  th.  By  the  resolution  of  a  compound  into  its  elements,  or  into 
two  or  more  less  complex  compounds. 

Illustrations  of  these  five  modes  of  chemical  action  have 
already  been- given  (p.  55). 

Combination— The  part  of  this  subject  which  refers  to  the 
fixed  proportions  in  which  the  elements  combine,  has  been  fully 
treated  of  under  Lmvs  of  Comlination  (Chap.  IV).  But  not  only 
are  the  proportions  by  weight  in  which  every  combination  takes 
place  perfectly  definite,  but  the  amount  of  heat  liberated  or 
absorbed  in  each  combination  is  also  a  fixed  •  quantity  (see  Heat  of 
Chemical  Combination,  Chap.  XV). 

Decomposition.— The  forces  which  accomplish  the  resolution 
of  a  compound,  either  into  simpler  compounds,  or  into  its  elements, 
have  been  referred  to  on  pp.  5  and  21.  The  chief  of  these  forces 
are-  heat  and  electricity.  The  action  of  heat  has  frequently  been 
described  in  the  course  of  this  introduction. 

In  the  decomposition  of  compounds  by  heat  two  cases  may 
be  distinguished,  according  as  the  products  of  decomposition  have, 
or  have  not,  a  tendency  to  re-combine  and  form  the  original  com- 
pound. Decomposition  in  which  this  regenerative  tendency  exists 
is  known  as  dissociation.  The  phenomena  of  dissociation  have 
been  very  carefully  studied,  and,  in  regard  to  these,  definite  laws 
have  been  deduced;  whereas  in  the  case  of  the  more  complex 
phenomena  of  ordinary  decomposition  by  heat  general  principles 
have  yet  to  be  discovered. 

Decomposition  by  means  of  the  electric  current  is  termed 
electrolysis,  and  the  compound  which  is  thus  decomposed  is  termed 
an  electrolyte.  The  electrolyte  must  be  in  the  liquid  condition — 
either  in  solution  or  in  a  state  of  fusion.  The  current  from  a 
voltaic  battery,  when  passed  through  the  electrolyte,  decomposes  it 
into  two  constituents  known  as  ions.  The  terminals  of  the  battery, 
which  are  immersed  in  the  electrolyte  and  on  the  surfaces  of  which 
the  separation  of  the  ions  occurs,  are  termed  electrodes.  The 
material  of  the  electrodes  may  vary  according  to  circumstances, 
but  plates  of  platinum  are  generally  employed  in  the  case  of  solu- 
tions. 

Dissociation. — Examples  of  dissociation  have  already  been 
given  (see  Apparent  exceptions  to  Avogadro's  Laxo,  p.  38).  Further 
examples  of  dissociable  compounds  are — the  aquates  of  some  salts, 
wliich  by  heating  give  off  their  water  of  crystallisation ;  and  the 
carbonates,  most  of  which  at  a  sufaciently  elevated  temperature 
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evolve  carbonic  anhydride.  A  very  important  law  of  dissociation 
is,  that  the  volatile  products  given  off  by  a  substance  undergoing 
dissociation  have  a  constant  tension  for  each  temperature.  This 
tension  corresponds  exactly  in  character  to  the  tension  of  the 
vapour  of  a  liquid,  and  its  amount  may  be  measured  in  the  same 
way  (see  Chap.  XVII).  The  tension  of  dissociation  depends 
entirely  on  the  temperature,  being  higher  for  higher  temperatures  ; 
and  is  quite  independent  both  of  the  space  filled  by  the  volatile 
products  and  of  the  quantity  of  substance  which  has  already 
undergone  decomposition.  Thus  Debray  (Oompt.  rend.,  64,  603) 
has  shown  that  the  tension  of  dissociation  of  calcic  carbonate  is 
not  altered  by  the  addition  of  an  excess  of  quicklime — the  solid 
product  of  decomposition. 

Decomposition  may  also  be  effected  by  means  of  the  electric 
spark,  which  may  be  applied  either  in  the  form-  of  the  voltaic  arc, 
or  as  the  induction  spark.  In  both  cases  the  electric  discharge 
acts  solehj  hj  its  heating  effect,  and  its  action  must  therefore  not  be 
confounded  with  electrolysis.  It  differs  from  other  sources  of  heat 
in  being  at  the  same  time  local  and  more  intense.  If  a  series  of 
induction  sparks  be  passed  through  carbonic  anhydride,  those 
molecules  which  lie  in  the  path  of  the  spark  are  broken  up  by  the 
heat  into  carbonic  oxide  and  oxygen.  The  moment  the  molecules 
of  the  two  latter  gases  pass  beyond  the  immediate  sphere  of  the 
spark,,  they  reach  a  relatively  cold  region,  the  temperature  of 
which  lies  far  below  their  temperature  of  combination;  so  that 
they  can  continue  to  exist  in  the  free  state. 

If,  in  the  above  experiment,  the  proportion  of  decomposed 
carbonic  anhydride  be  allowed  to  pass  beyond  a  certain  limit, 
re-combination  of  the  oxygen  and  carbonic  oxide  will  take  place 
with  explosion.  This  occurs  as  soon  as  a  sufficient  number  of 
molecules  of  the  two  latter  gases  are  present  to  propagate  the  heat 
of  combination  through  the  body  of  the  gas.  This  propagation  is 
impossible  as  long  as  their  molecules  are  separated  by  a  large 
number  of  indifferent  molecules  of  carbonic  anhydride. 

Electrolysis. — The  following  are  the  laws  of  electrolysis : — 

1.  The  liquid  condition  is  necessary  to  electrolysis. 

2.  Electrolytes  must  be  compounds,  and  conductors  of  the 
electric  current.  These  compounds  generally  consist  of  a  conductor 
and  a  non-conductor  of  electricity. 

3.  Compounds  which  suffer  electrolysis  when  dissolved  in  . 
water,  do  so  a,lso  when  fused. 
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4.  The  electrolyte  is  resolved  into  two  constituents  which 
impelled  m  opposite  directions,  are  eliminated  at  the  opposing 
surfaces  of  the  two  electrodes,  and  never  in  the  intervenina 
liquid.  ® 

5.  Oxygen,  chlorine,  bromine,  iodine,  and  acids  appear  at  tlie 
positive  electrode,  and  are  therefore  electro-negative  •  wliilst 
liydrogen,  metals,  and  alkalies  are  evolved  at  the  negative  electrode, 
and  are  therefore  electro-positive. 

6.  The  quantity  of  electricity  which  passes  through  the  electro- 
lyte is  always  directly  proportional  to  the  quantity  of  the  electrolyte 
which  is  decomposed. 

7.  All  compound  molecules  possessing  the  same  active  atomicity 
to  be  overcome,  require,  if  decomposable,  the  same  quantity  of 
electricity  to  decompose  them.  Therefore,  if  the  same  electric 
current  be  passed  through  a  number  of  metallic  solutions  in 
succession,  the  metals  will  be  reduced  in  the  ratio  of  their  atomic 
weights  divided  by  their  active  atomicities. 

8.  The  quantity  of  electricity  which  a  compound  molecule 
requires  to  decompose  it,  is  equal  to  the  quantity  which  that 
molecule  evolves  when  it  is  formed  in  the  generating  cell  of  the 
battery. 

9.  The  quantity  of  electricity  evolved  by  the  union  of  two  or 
more  bonds,  is  capable  of  effecting  the  disruption  of  the  same 
number  of  bonds  in  any  compound  susceptible  of  electrolysis. 


The  following  is  a  list  of  weights  of  various  chemical  com- 
pounds requiring  for  their  decomposition  equal  quantities  of 
electricity. 


K0"H2) 

9 

•0 

grams. 

HCl 

36 

■5 

t) 

AgCl 

143 

•2 

ii 

i{Cn"Ch) 

67 

•1 

j» 

i('Cu'oCU) 

98 

•7 

)» 

i(Pb"Cl.,) 

138 

■7 

i{8h"'CU) 

75 

•5 

iiPh'%) 

230 

2 

i} 

i(Pb"Ac2) 

162 

•2 

it 

i(S04Cu") 

79 

6 

J) 

iCSO^Zn") 

80 

6 

it 

94. 

5 

»» 

63 

5 

)) 

i{'Fe"W 

54 

2 

)> 
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Thus  if  the  electric  current  were  passed  through  argentic  chlo- 
ride, cupric  chloride,  and  cuprous  chloride,  included  in  the  same 
circuit;  by  the  time  143-2  grams  of  argentic  chloride  had  been 
decomposed,  the  quantities  of  cupric  and  cuprous  chlorides  which 
liad  undergone  decomposition  would  be  671  gi'ams  and  98-7  grams 
i-espectively.  The  weight  of  silver  deposited  from  the  first  salt 
would  be  107-7  grams ;  that  of  copper  from  the  other  two  31-6  grams 
and  63-2  grams,  the  quantity  being  in  every  case  in  the  proportion 
of  the  atomic  weight  of  the  metal,  divided  by  its  active  atomicity. 

What  is  termed  secondarij  action  in  electrolysis  takes  place 
when  the  primary  products  of  decomposition  exert  a  chemical 
action,  either  on  the  solvent,  or  on  other  substances  which  are 
present,  or  on  the  electrolyte  itself.  Thus  when  a  solution  of  sodic 
chloride  is  electrolysed,  the  salt  is  broken  up  into  sodium  and 
chlorine.  The  sodium,  however,  does  not  make  its  appearance  as 
such,  but  decomposes  the  water  with  evolution  of  hydrogen  and 
formation  of  sodic  hydrate  : 

Na^  +  2OH2  =  H2  +  20NaH. 

Water.  Sodic  hydrate. 

Hydrogen  and  chlorine  are  thus  obtained  in  the  electrolysis  of  a 
solution  of  sodic  chloride,  but  the  hydrogen  is  a  secondary  product. 
Again,  if  a  mixed  solution  of  hydrochloric  and  hydriodic  acids  is 
electrolysed,  no  chlorine  is  evolved,  since  chlorine  instantaneously 
liberates  iodine  from  the  hydriodic  acid,  regenerating  hydrochloric 
acid.  Again,  if  the  positive  electrode  consists  of  an  oxidizable  metal, 
the  electronegative  element  or  group  will  combine  with  it.  Tlius, 
if  acidulated  water  be  electrolysed  with  copper  as  the  positive 
electrode  the  copper  will  go  into  solution,  and  form  a  copper  salt 
with  the  acid. 

The  electrolysis  of  sulphuric  acid  and  plumbic  sulphate  has  of 
late  acquired  great  importance  in  connection  with  secondary 
batteries  or  accumulators  as  an  economic  means  of  storing  energy. 
Various  forms  of  storage  battery  have  been  suggested,  but  all  are 
modifications  of  the  original  invention  of  Plante.  They  consist 
essentially  of  plates  composed  of  or  coated  with  plumbic  sulphate, 
these  plates  being  arranged  as  in  primary  batteries  and  immersed 
in  dilute  sulphuric  acid. 

When  an  electric  current,  either  from  a  primary  battery  or  a 
dynamo-electric  machine,  is  passed  through  the  cells  of  a  secondary 
battery,  employing  the  plates  of  plumbic  sulphate  as  electrodes, 
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the  intervening  hexabasic  sulphuric  acid  is  electrolysed  according 
to  the  following  equation : — 

Sl-Iog  =  SO3  +  30  +  3H 

>  ,  ' 

On  +  plate. 

The  sulphuric  anhydride  thus  liberated  is  immediately  recon- 
verted into  hexabasic  sulphuric  acid — ■ 

SO3  +  3OH2  =  SHog. 

The  nascent  oxygen  in  contact  with  the  plumbic  sulphate  on 
the  positive  plate  converts  the  lead  salt  into  plumbic  peroxide 
(PbOa),  liberating  sulphuric  anhydride,  which  in  contact  with 
water  regenerates  hexabasic  sulphuric  acid  as  just  described. 

The  nascent  hydrogen  on  the  negative  plate  converts  the 
plumbic  sulphate  into  lead  and  hexabasic  sulphuric  acid— 

SO^Pbo"  +  H2  +  2OH2  =  Pb  +  SHog. 

^V™bic  Hexabasic 
sulphate.  sulphuric  acid. 

Under  the  influence  of  an  electric  current,  therefore,  the 
opposing  plates  of  the  secondary  battery  become  coated,  the  one 
with  plumbic  peroxide,  and  the  other  with  metallic  lead,  the  latter 
being  in  a  spongy  state ;  and  they  are  in  a  highly  electro-polar 
condition.  On  joining  them  by  a  conductor,  a  powerful  electric 
current,  with  an  electromotive  force  of  about  2-4  volts  for  each 
cell,  flows  through  the  conductor  from  the  plate  coated  with 
peroxide  of  lead  to  that  coated  with  spongy  lead,  whilst  within 
the  cell  the  current  passes  through  the  dilute  sulphuric  acid  in  the 
opposite  direction,  viz.,  from  lead  to  peroxide  of  lead,  decomposing 
the  acid  as  in  charging.  As,  however,  the  current  now  flows  in  a 
direction  opposite  to  that  during  charging,  the  ions  are  liberated  on 
the  opposite  plates.  On  the  positive  plate,  which  was  formerly  the 
negative  electrode,  the  chemical  change  is  as  follows : — ■ 

PbO^  +       =  PbO  +  OH2. 

Plumbic  Plumbic 
peroxide.  oxide. 

The  plumbic  oxide,  which  is  thus  formed  in  contact  with  sul- 
phuric acid,  is  converted  into  plumbic  sulphate. 

On  the  negative  plate,  which  was  the  positive  electrode,  the 
following  action  takes  place : — 
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Pb  +  0  +  SHo,  =  SO^Pbo"  +  3OH2. 

Hexabasic  Plumbic 
STilpliuric  acid,  sulphate. 

During  the  discharge,  therefore,  both  plates  return  to  their 

original  condition. 

Instead  of  discharging  the  plates  immediately,  however,  the 
energy  invested  in  them  may,  with  but  inconsiderable  loss,  be 
allowed  to  remain  stored  for  weeks,  or  even  months,  ready  at  any 
moment  to  yield  a  powerful  electric  current  available  for  the 
production  of  light,  heat,  or  mechanical  power. 

jEledrocIiemical  Eqicivalents. — For  some  time  after  the  revival 
of  the  atomic  theory  in  its  chemical  form  by  Dalton,  chemists 
were  at  a  loss  which  of  several  possible  atomic  weights  of  an 
element  to  accept  as  the  true  one.  The  laws  of  vapour-density,  of 
specific  l;ieat,  of  isomorphism,  were  enunciated  not  very  long  after ; 
but  as  their  significance  was  not  generally  perceived,  their  appli- 
cation as  a  means  of  checking  the  atomic  Aveights  was  out  of  the 
question.  In  the  midst  of  the  uncertainty  which  prevailed,  the 
law  of  electrolysis  as  stated  by  Faraday  was  eagerly  welcomed. 
According  to  this  law  the  quantities  of  various  electrolytes  decom- 
posable by  the  same  current  we.  chemically  equivalent,  and  the 
quantities  of  the  several  elements  eliminated  in  such  decomposi- 
tions are  also  chemically  equivalent.  On  this  principle  chemists- 
constructed  tables  of  eq^iivalents  of  the  elements,  representing  the 
relative  weights  which  are  eliminated  in  electrolysis,  that  of  hydro- 
gen being  taken  as  unity.  Such  equivalents  would  be,  for 
example : — 

H  =  1 

CI  =  35-5 
/S'  =  16 
Fb  =  103-25 
&c. 

This  mode  of  procedure  was  thus  far  strictly  legitimate,  inasmuch 
as  the  above  weights  can  replace  each  other  in  chemical  combina- 
tion, and  are  therefore  equivalent.  But  most  chemists  went  further 
than  this,  and  assumed  that  these  equivalents  were  identical  with 
the  atomic  weights  of  the  elements.  By  this  means  the  significance 
of  the  abovementioned  three  important  laws  was  effectually 
obscured,  and  a  true  chemical  classification  was  for  many  years 
rendered  impossible. 
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Furthermore,  the  system  of  equivalents  was  not  logically  carried 
out.  The  electrolytic  equivalent  of  antimony  is  40  ;  but  instead 
of  this  the  number  120,  its  present  atomic  weight,  was  adopted. 
The  same  happened  with  several  other  elements. 

Another  objection  to  this  system  is  that  the  equivalent  of  an 
element  does  not,  like  its  atomic  weight,  represent  a  constant  quan- 
tity, but  varies  with  the  active  atomicity.  This  may  be  seen  in 
the  case  of  copper  in  its  cuprous  and  cupric  salts. 

A  knowledge  of  the  so-called  equivalent  notation  is  necessary 
for  the  study  of  many  important  works  on  chemistry  in  which  it 
is  employed.  The  old  equivalent  formulte  may  be  converted  into 
modern  atomic  formula,  either  by  doubling  the  number  of  the 
perissad,  or  by  halving  that  of  the  artiad  atoms  (see  p  58) 
Thus:- 

Old  so-called  equira-  Atomic 
lent  formula.  formula. 

Water   HO  H^O 

Sulphuric  acid. .  HSO^  H2SO4 

Nitric  acid   ENO^  HNO3 

Ferric  chloride  Fe^Cl^  FejClg 

In  modern  works  equivalent  formulae,  when  quoted,  are 
.generally  written  as  above,  in  italics. 

The  fact  that  a  single  atom  of  one  element  may  be  equivalent 
to  two  or  more  atoms  of  another,  sufficiently  explains  the  dis- 
crepancies between  atomic  and  equivalent  proportions  noticed  in 
treating  of  the  law  of  equivalent  proportions  (see  p.  18). 


CHAPTEE  XIII. 

CHEMICAL  HOMOGENEITY. 

A  CHEMICALLY  homogeneous  substance  is  one  in  which  all  the 
molecules  are  exactly  alike.  It  is  evident  from  this  definition 
that  such  a  substance  will  exhibit  constant  composition :  if  it  is  a 
simple  body,  it  will  yield  on  analysis  no  other  body ;  if  it  is  a  com- 
pound, it  will  contain  the  same  ingredients  in  unvarying  proportion. 
But  in  the  case  of  compounds,  analysis  alone  cannot  furnish  com- 
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plete  evidence  of  the  homogeneous  nature  of  a  substance:  for 
example,  it  is  plain  that  a  mixture  of  molecular  proportions  of 
mauganous  oxide  (MnO)  and  manganic  peroxide  (MnOg)  would 
yield  analytical  results  corresponding  to  manganic  oxide  (MnoOg). 
Hence,  other  means  of  identification  are  necessary,  and  these  are 
frequently  to  be  found  in  the  physical  properties  of  the  substance. 

Thus,  all  substances,  in  whatever  physical  state  they  exist — 
gaseous,  liquid,  or  solid— possess  a  definite  specific  gravity  at  a 
given  temperature.  The  specific  gravities  of  the  more  important 
chemically  homogeneous  substances  have  been  determined,  and  it 
is  thus  frequently  possible  to  identify  a  substance,  as  it  is  not 
probable  that  a  mixture,  accidentally  possessing  a  percentage  com- 
position the  same  as  that  of  a  true  chemical  compound,  would  also 
have  the  same  specific  gravity.  This  characteristic  is  least  certain 
in  the  case  of  soHds,  where  a  slight  alteration  in  physical  condition, 
such  as  that  produced  in  metals  by  hammering,  is  sufficient  to 
cause  a  change  in  the  specific  gravity.  Such  variations,  however, 
occur  within  narrow  limits. 

The  number  of  the  characteristics  available  for  establishing  the 
chemical  homogeneity  of  substances  varies  with  the  complexity  of 
the  physical  state,  being  greatest  in  the  case  of  solids,  and  smallest 
in  the  case  of  liqiuds. 

Gases. — A  mixture  of  equal  volumes  of  methylic  hydride  (CHJ 
and  propylic  hydride  (CgHg)  would  yield  not  only  the  same  analy- 
tical results  as  ethylic  hydride  (CaHg),  but  would  also  possess  the 
same  specific  gravity.  In  this  case  the  best  method  of  determining 
whether  the  sas  is  single  or  a  mixture  is  to  submit  it  to  diffusion. 
For  this  purpose  it  is  transferred  to  a  tube  over  mercury,  closed  at 
the  upper  extremity  by  a  porous  diaphragm  (graphite  or  gypsum). 
By  the  law  of  diffusion  {q.v.)  the  lighter  molecules  will  pass  through 
the  diaphragm  more  rapidly  than  the  heavier  molecules.  If,  there- 
fore, in  the  above  case,  on  examining  the  residual  gas,  the  propor- 
tions of  carbon  and  hydrogen  be  found  to  have  changed,  it  may  be 
concluded  that  the  original  gas  was  a  mixture ;  if  these  proportions 
remain  the  same,  then  either  the  gas  is  single  or  it  is  a  mixture  in 
which  each  gas  is  present  in  the  ratio  of  its  coefficient  of  diffusion, 
a  case  which  must  necessarily  be  of  very  rare  occurrence.  Some- 
times the  gas  is  submitted  to  the  action  of  various  absorbents — 
caustic  potash,  potassic  pyrogallate,  fuming  sulphuric  acid.  If 
part  be  absorbed  by  any  of  these  reagents,  whilst  part  remairs 
unacted  upon,  it  is  at  once  proved  that  the  gas  is  a  mixture. 


I 


96  INORGANIC  CHEMISTRY/ 

Liquids. — When  a  liquid  can  be  distilled  without  decomposition, 
its  boiling-point  affords  one  of  the  best  tests  of  its  homogeneity. 
Every  chemical  compound,  which  is  capable  of  volatilising  without 
decomposition,  has,  at  a  given  barometric  pressure,  a  fixed  boiling- 
point,  at  which  it  must  distil  from  the  first  to  the  last  drop.  As  a 
rule,  a  mixture  of  two  liquids  of  different  boiling-points  wiU  begin 
to  boil  about  the  boiling-point  of  the  lowest,  and  a  thermometer 
placed  in  the  vapour  will  in  turn  indicate  all  temperatures  up  to 
the  boiling-point  of  the  highest.  MLxed  liquids  may  be  separated 
hy  fractional  distillation:  the  fractions  of  the  distillate  passing  over 
at  different  temperatures  are  collected  separately,  and  these  frac- 
tions are  redistilled  until  liquids  of  constant  boiling-point  are 
obtained.  Some  liquids  cause  the  plane  of  a  ray  of  polarised  light 
which  passes  through  them  to  rotate  to  the  right  or  to  the  left,  and, 
as  this  rotation  is  constant  for  a  given  stratum  of  a  given  liquid,  the 
action  on  polarised  light  may  be  frequently  employed  in  the  case 
of  such  liquids  as  a  test  of  their  purity. 

Solids. — Wlien  a  solid  possesses  the  property  of  crystallising, 
its  crystalline  form  offers  the  surest  means  of  identifying  it.  If 
the  crystals  are  so  well  developed  that  their  angles  may  be  mea- 
sured, the  values  of  these  angles,  coupled  with  the  analytical 
results,  suffice  to  place  the  identity  of  any  substance  for  which 
such  determinations  have  previously  been  made,  beyond  all  possi- 
bility of  doubt.  Even  when  the  crystals  are  too  small  to  admit 
of  measurement,  a  microscopic  examination  will  generally  be  suffi- 
cient to  decide  whether  they  are  homogeneous  or  mixed.  Hetero- 
geneity of  crystalline  form  does  not  necessarily  involve  chemical 
difference  :  a  substance  may  be  dimorphous.  Thus  the  sublimate 
of  arsenious  anhydride  frequently  contains,  side  by  side,  rhombic 
prisms  and  regular  octahedra.  When  solids  are  fusible,  they 
possess  a  constant  fusing-point.  This  property  is  of  great  value  in 
identifying  organic  substances,  of  which  the  greater  number  fuse 
within  the  limits  of  the  mercurial  thermometer.  As  mixtures  fuse 
at  a  lower  temperature  than  the  mean  fusing-point  of  their  con- 
stituents, impurities  generally  tend  to  lower  the  fusing-point. 
Every  soluble  solid,  when  pure,  has  a  fixed  solubility  for  each  of 
its  solvents  at  a  given  temperature.  This  solubility  generally 
increases  with  the  temperature  (see  Solubility).  If  the  various 
ingredients  of  a  mixture  possess  very  diflferent  solubilities,  this 
property  may  be  taken  advantage  of  in  order  to  effect  their  separa- 
tion, as  the  least  soluble  will  crystallise  out  first,  and,  by  repeated 
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recrystallisation,  may  generally  be  obtained  pure.   What  is  known 
as  fractional  crystallisation  consists  in  evaporating  tlie  solution  of 
a  substance  until  sufficiently  concentrated  to  crystallise.  The 
liquid  is  then  separated  from  the  crystals  and  evaporated  until 
a  fresh  crop  of  crystals  is  obtained.     This  process  is  repeated 
until  the  solution  is  exhausted.     If  the  last  crop  of  crystals 
is  exactly  like  the  first,  as  regards  composition,  form,  fusing- 
point,  &c.,  it  may  be  concluded  that  the  substance  was  homo- 
geneous.    The  reverse  of  fractional  crystallisation  is  fractional 
solution.    The  solid  substance  is  successively  extracted  with  small 
portions  of  the  solvent.    In  this  way  the  more  soluble  ingredients, 
if  such  are  present,  will  be  removed.    Sometimes  various  solvents 
are  employed  in  succession,  according  to  the  nature  of  the  sub- 
stances suspected  to  be  present  in  a  mixtui-e ;  and  in  this  way  a 
separation  may  frequently  be  effected. — Fractional  precipitation 
consists  in  adding  to  a  solution  a  precipitant  in  quantity  insuffi- 
cient to  precipitate  the  whole  of  the  substance  present.    In  a  mix- 
ture, the  various  ingredients  wUl  probably  be  affected  in  varying 
degrees  by  the  precipitant — that,  for  example,  which  has  the 
greatest  affinity  for  the  precipitant  wiU  be  found  chiefly  in  the  first 
fraction.    By  redissolving  this  fraction  and  partially  precipitating 
it,  and  repeating  this  operation  each  time  with  the  partial  precipi- 
tates, one  of  the  ingredients  of  the  mixture  may  usually  be  obtained 
pure.    This  process  is  seldom  necessary  in  the  case  of  inorganic 
compounds,  as  with  these  a  sharp  separation  by  means  of  precipi- 
tants  is  generally  at  once  ^o%^M&.— Fractional  saturation  is 
analogous  to  fractional  precipitation,  and  depends  on  the  varying 
degrees  of  affinity  which  the  ingredients  of  a  mixture  exhibit 
towards  the  saturant.    A  mixture  of  bases,  for  example,  is  imper- 
fectly saturated  with  an  acid ;  a  mixture  of  acids,  with  a  base. 

These  fractional  methods  are  chiefly  of  use  in  the  case  of  organic 
compounds,  which  very  seldom  possess  properties  such  as  to  render 
them  separable  from  each  other  by  a  single  operation.  In  the  case 
of  single  substances  such  methods  afford  a  guarantee  of  purity  by 
the  correspondence  of  the  different  fractions ;  and,  in  the  case  of 
mixtures,  they  yield,  by  systematic  repetition,  a  means  of  sepa- 
rating the  various  ingredients. 
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CHAPTER  XIV. 

ISOMERISM,  METAMERISM,  POLYMERISM,  ALLOTROPY. 

Compounds  wliich,  while  possessing  the  same  percentage  composi- 
tion, exhibit  differences  of  chemical  and  physical  character,  are 
termed  isomeric.  Metavierism  and  polymerism  are  special  cases  of 
isomerism  :  metameric  compounds  have  the  same  molecular 
weight,  the  difference  in  properties  depending  on  difference  of 
arrangement  of  the  atoms  within  the  molecule ;  in  polymeric  com- 
pounds, the  molecular  weights  are  different,  one  being  a  multiple 
of  the  other.  Examples  of  metamerism  and  polymerism  are  most 
common  among  the  compounds  of  carbon,  where  the  frequency  of 
high  molecular  weights  and  the  property  which  carbon  possesses 
of  repeatedly  combining  with  itself,  favour  variety  of  atomic 
arrangement.  The  compounds  propionaldehyde,  acetone,  allyhc 
alcohol,  propylenic  oxide,  and  trimethylenic  oxide,  all  possess  the 
molecular  formula  CgllgO,  and  are  therefore  metameric.  The 
liydrocarbons  of  the  ethylenic  or  C^Hj^  series,  ethylene  (CgH^), 
propylene  (CgHe),  butylene  (C4H8),  &c.,  are  polymeric.  The  smgle 
members  of  this  group  may  possess  metamers :  thus,  there  are 
three  butylenes  of  the  formula  C4Hg— butylene,  isobutylene,  and 
pseudobutylene. 

Allotropy  stands  in  the  same  relation  to  elements  that  iso- 
merism does  to  compounds.  Mauy  of  the  elements  exist  in  several 
different  modifications  possessing  entirely  distinct  properties. 
Carbon  is  known  in  three  forms :  as  charcoal,  as  graphite,  and  as 
diamond.  Sulphur  and  phosphorus  also  possess  allotropic  modi- 
fications. One  of  tha  most  striking  and  instructive  instances  of 
this  phenomenon  is  found  in  the  case  of  oxygen  in  its  two  modifi- 
cations of  common  oxygen  and  ozone. 

It  is  probable  that  allotropy  is  to  be  explained  by  reference 
rather  to  polymerism  than  to  metamerism.  It  is  certainly  con- 
ceivable that  molecules  containing  equal  numbers  of  only  one  kind 
of  atom  should  differ  through  the  arrangement  of  these  atoms  withm 
the  molecule;  but  a  difference  of  properties  can  more  easily  be 
accounted  for  by  supposing  that  the  molecules  of  the  allotropic 
modifications  contain  different  mmabers  of  atoms,  and  m  the 
only  case  of  true  aUotropy  in  which  the  molecular  weights  of  the 
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alloti-opic  modifications  are  known,  this  is  found  to  be  the  case. 
Common  oxygen  contains  two  atoms  in  the  molecule,  whereas 
ozone  contains  three. 

It  is  to  be  noted  that  allotropy  has  been  observed  only  in  the 
case  of  polyad  elements.  The  atoms  of  a  monad  element  can  only 
combine  with  each  other  in  pairs,  thus  H — H,  and  in  this  way  all 
variety,  either  in  the  number  of  atoms  in  the  molecule,  or  in  their 
arrano'ement,  is  excluded. 


CHAPTEE  XV. 

HEAT  OF  CHEMICAL  COMBINATION.  THERMOCHEMISTEY. 

Theemochemistey,  that  branch  of  the  science  which  deals  with  the 
heat  H  berated  or  absorbed  in  chemical  action,  has  been  studied  in 
great  detail  by  Berthelot,  Thomsen,  and  others.  The  first-named 
chemist  has  pubhshed  {Ann.  chim.  phys.  [4],  VI,  and  [5],  IV)  a 
summary  of  the  results  obtained  in  this  field,  and  from  this  source 
the  annexed  account  is  extracted.  He  enunciates  as  the  three 
fundamental  laws  of  thermochemistry  the  following  : — 

1.  Law  of  Molecular  Work. — The  quantity  of  heat  liberated  in 
any  reaction  is  a  measure  of  the  sum  of  the  chemical  and  physical 
work  performed  in  that  reaction. 

2.  Law  of  the  Equivalence  of  Heat  and  Chemical  Change. — When 
a  system  of  bodies,  simple  or  compound,  taken  in  definite  con- 
ditions, undergoes  physical  or  chemical  changes  which  are  capable 
of  bringing  the  system  into  a  new  state  without  producing  any 
mechanical  effect  external  to  the  system;  the  quantity  of  heat 
liberated  or  absorbed  during  these  changes  depends  solely  on  the 
initial  and  final  states  of  the  system,  and  remains  the  same,  what- 
ever be  the  nature  and  order  of  the  intermediate  states. 

^  3.  Law  of  Maximum  Work. — Every  chemical  change,  accom- 
phshed  without  the  intervention  of  foreign  energy,  tends  to  the 
production  of  that  body  or  system  of  bodies,  in  the  formation  of 
which  most  heat  is  liberated.* 

*  It  ought  to  be  mentioned  tliat  the  universal  validity  of  the  law  of  maximum 
^ork  has  been  called  in  question.  Some  of  the  objections  urged  against  the  law 
have  been  successfully  met  by  its  author ;  but  there  are  anomaUes  connected  with 
the  phenomena  of  heat  of  neutraUsation  which  do  not  appear  capable  of  explanation 
on  Berthelot '8  theory.    (See  more  fully  p.  104:) 

H  2 


100  INORGANIC  CHEMISTTIY. 

The  first  two  laws  are  corollaries  of  the  law  of  the  conservation 
of  energy;  the  third  must  be  developed  more  in  detail.  It  is 
possible  to  conceive  the  necessity  of  this  law  by  considering  that 
the  system  which  has  given  off  most  heat  no  longer  possesses  the 
energy  necessary  to  accomplish  a  fresh  transformation.  Every 
fresh  change  involves  the  performance  of  work,  and  this  work 
cannot  be  performed  without  the  intervention  of  foreign  energy. 
On  the  other  hand,  a  system  capable  of  liberating  heat  by  a  fresh 
change,  still  possesses  the  energy  requisite  to  produce  this  change 
without  foreign  aid.  It  is  in  the  same  way  that  a  system  of  heavy 
bodies  tends  to  that  arrangement  of  its  parts  in  which  the  centre 
of  gravity  is  as  low  as  possible ;  but  the  system  will  only  attain  to 
this  arrangement  should  no  foreign  obstacle  intervene.  This  is, 
however,  rather  an  illustration  than  a  demonstration. 

In  the  equations  which  will  now  be  employed  in  proof  of  this 
law,  the  atomic  and  molecular  weights  are  to  be  understood  in 
grams.  The  units  of  heat  will  then  be  calories  (see  p.  44).  The 
latter  are  written  to  the  right  of  the  equation,  and  denote  the  heat 
liberated  by  the  combination  represented  in  the  equation,  supposing 
the  combining  quantities  to  be  taken,  as  stated  above,  in  the  pro- 
portion of  grams. 

Combination.  —  According  to  the  law  of  maximum  work, 
oxygen,  in  combining  with  other  bodies,  will  form  a  higher  oxide 
or  a  lower  oxide,  according  as  the  one  or  the  other  stage  corre- 
sponds to  the  greater  liberation  of  heat. 

In  the  formation  of  nitrous  anhydride  from  two  molecules  of 
nitric  oxide  and  one  atom  of  oxygen,  the  thermal  effect  is  as 
follows : — 

2'N"0  +  0  =  N2O3   20,000  cal. 

Nitric  Nitrous 
oxide.  anhydride. 

But  when  two  molecules  of  nitric  oxide  combine  with  two 
atoms  of  oxygen  to  form  nitric  peroxide,  the  calorimetric  equation 
is —  * 
2'N"0  +  02  =  'N2O4   34,000  cal.; 

Nitric  Nitric 
oxide.  peroxide. 

or,  the  quantity  of  heat  liberated  is  greater  by  14,000  calories. 
Therefore,  whenever  an  excess  of  oxygen  is  present,  nitric 
peroxide  ought  to  be  formed.     Not  only  is  this  the  case,  but 
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nitrous  anhydride  combines  directly  with  oxygen  to  form  nitric 
peroxide : 

N2O3  +  0  =  'N^O^   14,000  cal. 

Nitrous  Nitric 
anhydride.  peroxide. 

On  the  other  hand,  hydrogen  in  combining  with  oxygen  to  form 
water  yields — 

H2  +  0  =  OH2   69,000  cal, 

Water. 

whereas,  when  these  two  elements  unite  to  form  hydroxyl,  the 
effect  is — 

'  H,  +  O2  =  'O'aH^   47,000  cal,  - 

Hydroxyl. 

giving  a  difference  of  22,000  calories  in  favour  of  the  lower  oxide. 
When  oxygen  and  hydrogen  combine,  water  ought  therefore  to  be 
formed,  whilst  hydroxyl  ought  to  have  a  tendency  to  decompose 
into  water  and  oxygen. 

Furthermore,  the  formation  of  hydroxyl,  starting  from  water 
and  oxygen,  ought  to  be  accompanied  by  an  absorption  of  heat. 
This  compound  cannot  therefore  be  formed  without  the  interven- 
tion of  some  foreign  energy — for  instance  that  of  a  simultaneous 
chemical  action. 

There  are  several  compounds  in  the  formation  of  which,  start- 
ing from  their  elements,  heat  is  absorbed.  Such,  for  example,  are 
the  oxides  of  nitrogen,  the  oxides  of  chlorine,  chloride  of  iiitrogcii, 
acetylene,  cyanogen,  &c. ;  and  none  of  these  can  be  produced  by 
the  mere  interaction  of  their  elements,  acting  by  their  intrinsic 
energy. 

Acetylene,  for  example,  is  formed  by  the  direct  union  of  carbon 
and  hydrogen ;  but  this  combination  does  not  take  place  under  the 
influence  of  chemical  affinity  alone:  it  requires  the  aid  of  the 
electric  arc.  The  oxides  of  nitrogen  are  all  derived  from  nitric 
peroxide,  which  can  be  formed  from  its  elements  only  under  the 
influence  of  intense  heat  (electric  discharge,  simultaneous  combus- 
tion of  hydrogen).  The  oxides  of  chlorine  are  produced  by  the 
action  of  chlorine  on  the  alkaline  oxides  ;  but  this  is  because  their 
formation  is  accompanied  by  that  of  an  alkaline  chloride,  the  pro- 
duction of  which  is  attended  with  liberation  of  much  heat. 

Decomposition.— k  body  that  has'  been  formed  directly  from  its 
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elements  with  liberation  of  heat  ■will  not  spontaneously  decompose ; 
the  intervention  of  external  energy  is  necessary  to  separate  its 
elements.  Such  forms  of  external  energy  are  heat,  light,  elec- 
tricity, a  simultaneous  chemical  action  and  the  energy  of  disaggre- 
gation developed  by  solution.  The  action  of  this  last  agent  is 
displayed  in  the  case  of  salts  of  weak  acids,  and  those  of  certain 
feebly  basic  metallic  oxides. 

If,  however,  a  compound  be  formed  with  absorption  of  heat,  it 
will  be  capable  of  effecting  its  own  decomposition.  This  is  the 
case  with  the  oxides  of  chlorine,  wliich  explode  under  the  slightest 
disturbing  influence;  to  this  class  belong  chloride  of  nitrogen, 
ammonic  nitrite,  &c., '  bodies  which  decompose  spontaneously  at 
ordinary  temperatures.  When  bodies  formed  with  absorption  of 
heat  do  not  readily  undergo  spontaneous  decomposition,  they  show 
a  marked  tendency  to  enter  into  direct  combination  or  to  undergo 
fresh  chemical  changes — such  as  polymeric  condensation,  breaking 
up  into  groups,  complex  decomposition — all  of  wlaich  changes  are 
accompanied  by  liberation  of  heat.  Bodies  formed  with  absolu- 
tion of  heat  are,  moreover,  particularly  sensitive  to  the  action  of 
so-called  catalytic  or  contact  agents.  Such  agents  do  not  in  these 
cases  usually  introduce  any  special  energy  into  a  reaction ;  they 
merely  serve  to  liberate  a  store  of  pre-existent  potential  energy. 

Substitution. — Substitutions  also  take  place  according  to  the 
law  of  maximum  work.  Chlorine,  in  combining  with  hydrogen 
or  the  metals,  liberates  more  heat  than  bromine,  and  bromine 
liberates  more  than  iodine.  Therefore  bromine  decomposes  the 
iodides,  expelling  iodine,  and  forming  bromides ;  chlorine  decom- 
poses both  bromides  and  iodides,  expelling  bromine  and  iodine, 
and  forming  chlorides.  In  the  same  manner,  whenever  one 
metal  displaces  another  from  its  salts,  the  formation  of  the  new 
salt  is  .  attended  with  a  greater  liberation  of  heat.  From  this 
follows  the  well-known  direct  relation  between  the  electromotive 
force  of  the  metals  and  their  heat  of  oxidation. 

Double  Decomposition— In  general  one  hydrated  base  displaces 
another  from  its  salts,  when  it  liberates  more  heat  in  combining 
with  the  same  acids.*  This  is  the  case  when  the  hydrates  of  the 
metals  are  precipitated  by  alkaline  solutions.  Thus— 


*  See,  liowever,  p.  104. 
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This  reaction  liberates  12,200  cal.,  if  all  the  compounds  are  in 
solution,  and  45,600  cal.  if  they  are  in  the  solid  state-  In  the 
same  way,  one  acid  expels  another  from  its  salts,  when  it  liberates 
more  heat  in  combining  with  the  same  base ;  at  least,  this  is  so  in 
all  cases  where  each  of  the  acids  forms  only  one  salt  with  the  base. 
But  all  these  relations  are  only  then  strictly  true,  when  the  heat 
liberated  by  the  acids,  bases,  and  salts  is  calculated  for  these 
bodies  in  the  same  physical  condition,  namely,  the  solid  state.  The 
following  example  will  show  how  a  change  of  physical  condition 
and  the  special  combiaations  formed  with  the  solvent  may  affect 
the  result.  Gaseous  hydrochloric  acid  acts  upon  dry  mercuric 
cyanide,  forming  mercuric  chloride  and  hydrocyanic  acid — 


2HC1    +    HgCy2    =    2HCy    +    HgCl^..   +10,600  cal. 


But  hydrocyanic  acid  in  solution  acts  upon  mercuric  chloride  in 
solution,  forming  mercuric  cyanide  and  hydrochloric  acid.  This 
reversal  of  the  reaction  is  explained  by  the  fact-  that  two  molecules- 
of  hydrocyanic  acid  in  solution  liberate  in  acting  upon  mercuric 
oxide  31,000  cal.,  whilst  a  solution  of  hydrochloric  acid  liberates 
only  19,000  cal.  There  are  therefore  + 12,000  cal.  liberated  in 
the  reaction  in  the  wet  way,  a  result  which  experiment  completely 
confirms.  Theory,  therefore,  predicts  this  reversal  of  the  reaction 
corresponding  to  the  change  in  the  thermal  sign.  This  change  is 
due  to  the  intervention  of  a  new  chemical  reaction  attended  by 
liberation  of  heat,  the  combination  of  gaseous  hydrochloric  acid 
with  water,  by  which  the  hydrochloric  acid  has  yielded  up  a 
portion  of  its  energy. 

The  same  principle  of  maximum  work  enables  us  to  produce 
a  number  of  compounds  which  could  not  be  obtained  directly, 
because  their  formation  is  attended  with  a,bsorption,  and  their 
decomposition  with  liberation  of  heat.  This  end  is  attained  by 
the  device  of  a  double  decomposition  bringing  about  the  simul- 
taneous formation  of  some  other  compound,  the  production  of  which 
is  attended  with  a  liberation  of  heat  greater  than  the  absorption 
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first  mentioned.  For  example,  in  the  formation  of  hydroxyl  from 
oxygen  and  water, 

OH,  4-  0  =  'O'^H,   -  21,800  cal.  ' 

there  is  absorption  of  heat,  and  the  reaction  cannot  therefore  take 
place  directly.  In  order  to  accompHsh  it,  baric  oxide  is  made  to 
■combine  with  oxygen,  thereby  liberating  11,800  cal.;  and  the 
baric  dioxide  thus  obtained  is  acted  on  with  dilute  hydrochloric 
acid,  forming  baric  chloride  and  hydroxyl,  with  liberation  of 
22,000  cal.  more.  The  formation  of  baric  chloride  furnishes  the 
supplementary  energy  which  is  employed  in  producing  hydroxyl. 


The  rules  given  by  Berthelot  for  the  relation  between  the  heat 
of  neutralisation  of  acids  and  bases,  on  the  one  hand,  and  their 
mutual  affinity,  on  the  other,  do  not  hold  good  in  the  case  of  solu- 
tions. In  fact,  the  very  reverse  is  frequently  the  case.  Thomsen 
has  made  a  series  of  careful  determinations  of  the  heat  of  neutrali- 
sation of  various  acids  and  bases,  and  he  shows  that  in  mixed  solu- 
tions of  equal  equivalents  of  two  acids  with  a  quantity  of  a  base 
only  sufficient  for  the  neutralisation  of  one,  the  larger  portion  of 
the  base  is  frequently  appropriated  by  that  acid  with  which  it 
evolves  least  heat  in  neutralisation.  This  is  in  direct  opposition 
to  Berthelot's  law  of  maximum  work.  Ostwald,  by  measuring  the 
contraction  or  expansion  which  occurs  on  mixing  solutions  of  acids 
and  bases,  has  arrived  at  the  same  conclusion.  It  appears,  there- 
fore, that  the  heat  of  netotralisation  cannot  he  regarded  as  a  measure 
of  affinity.  Thomsen  shows  that  every  base  and  every  acid  has  a 
fixed  heat-equivalent,  which  is  liberated  in  its  neutralisation,  and 
that  the  heat  of  neutralisation  in  any  given  case  is  the  sum  of  the 
heat-equivalents  of  acid  and  base.  This  follows  from  the  fact  that, 
if  any  two  acids  be  neutralised  with  a  given  base,  the  difference 
between  their  heats  of  neutralisation  will  be  the  same  for  their 
neutralisation  with  any  other  base,  provided  always  that  acids, 
bases,  and  salts  in  every  case  remain  in  solution.  The  same  holds 
for  the  neutralisation  of  bases  with  various  acids :  the  difference 
between  the  heats  of  neutralisation  of  any  two  bases  with  a  given 
acid  is  the  same  for  their  neutralisation  with  any  other  acid.  It 
follows  from  this  that  the  heat  of  netitralisation  is  i'lidependent  of  the 
degree  of  affinity  between  acid  and  hose.  Ostwald  has  shown  tliat  a 
precisely  similar  law  regulates  the  contraction  or  expansion  which 
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occurs  when  solutions  containing  equivalent  quantities  of  acid  and 
base  are  mixed :  the  difference  in  the  degree  of  change  of  volume 
for  any  two  acids  with  any  given  base  is  the  same  with  any  other 
base;  each  acid  and  each  base  produces  its  own  definite  and 
invariable  change  of  volume,  and  the  change  of  volume  in  any 
given  case  of  neutralisation  is  the  sum  of  the  changes  for  acid  and 
base.  The  heat  of  neutralisation  appears  to  be  greater  the  greater 
the  contraction,  or  the  smaller  the  expansion.  Taking  these  facts 
together,  the  conclusion  seems  unavoidable  that  the  heat  of  neutrali- 
sation is  directly  connected,  not  with  chemical  affinity,  hut  with  the 
changes  which  occur  in  the  aggregation  of  the  solution — expansion  and 
contraction. 

The  great  obstacle  to  the  interpretation  of  thermochemical  data 
lies  in  the  fact  that,  under  the  conditions  of  temperature  at  which 
calorimetric  determinations  are  possible,  there  is  no  such  thing  as 
mere  direct  combination  of  elements.    The  thermal  equation, 

H  +  CI  =  HCl    22,000  cal, 

Ls  a  fiction.    This  equation  ought  to  be  written 

H2  +  CI2  =  2HC1    44,000  cal., 

and  the  thermal  effect  44,000  cal.  is  in  reality  the  algebraic 
sum  of  three  distinct  thermal  effects — the  heat  absorbed  by  the 
separation  of  hydrogen  from  hydrogen,  the  heat  absorbed  by  the 
separation  of  chlorine  from  chlorine,  and  the  heat  liberated  by  the 
union  of  hydrogen  with  chlorine.  ■  If  the  first  of  these  be  denoted 
by  X,  the  second  by  y,  and  the  third  by  z,  we  should  have — 

2z  -  {x      y)  =  44,000  cal. 

Every  thermal  equation  (except  such  as  contain  elements  with 
monatomic  molecules)  is  therefore  a  single  equation  with  three 
unknown  quantities,  which  are  consequently  undeterminable. 

If  hydrochloric  acid  could  exist  at  a  temperature  at  which  the 
molecules  of  hydrogen  and  chlorine  dissociate  into  single  atoms, 
then  the  conditions  of  the  first  of  the  above  thermal  equations 
would  be  realised  and  x  and  y  would  be  eliminated.  But  if  there 
are  such  conditions,  they  lie  far  above  the  range  of  temperature  at 
which  such  determinations  are  at  present  possible. 
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CHAPTER  XVL 

FUSION  AND  FUSING-POINTS, 

The  molecular  changes  wliich  correspond  to  the  passage  of  a  body 
from  the  solid  to  the  liquid  state  liave  already  been  discussed. 
As  these  changes  depend  on  the  energy  of  the  molecules,  and  as 
this  energy  will  be  constant  for  any  given  body  at  a  given  tem- 
perature, it  is  evident  that  every  substance  which  is  fusible  at  all 
ought  to  have  a  fixed  fusing-point,  and  such  is,  with  few  excep- 
tions, the  case.  The  use  of  the  fusing-point  as  a  means  of  identifying 
substances  and  testing  their  purity  has  also  been  described. 

Change  of  Volume  Accompanying  Fitsion. — Most  substances  in 
passing  from  the  solid  to  the  liquid  state  expand :  the  melted  sub- 
stance is  the  specifically  lighter.  With  water  and  bismuth  the 
reverse  is  the  case  ;  these  bodies  expand  in  solidifying.  Thus,  ice 
floats  on  the  surface  of  water ;  and  closed  vessels,  in  which  water 
is  frozen,  burst  with  the  internal  pressure. 

Effect  of  Pressure  in  Altering  the  Fusing-point. — If  a  body 
expands  in  fusing,  increase  of  pressure  will  tend  to  raise  the 
fusing-point.  In  this  case,  the  pressure  acts  counter  to  the  energy 
of  the  molecules.  The  effect  is  very  slight :  according  to  Bunsen, 
a  pressure  of  156  atmospheres  is  necessary  to  raise  the  fusing-point 
of  spermaceti  from  47'7°  to  50'9°.  If,  on  the  contrary,  fusion  is 
accompanied  by  contraction,  an  increase  of  pressure  will  lower  the 
fusing-point,  the  pressure  in  this  case  aiding  the  energy  of  the 
molecules.  The  effect  in  the  case  of  water  is  a  lowering  of  the 
fusing-point  by  -0075°  for  each  atmosphere.  Mousson  succeeded, 
by  means  of  very  great  pressure,  in  melting  ice  at  —  18°. 

Latent  Heat  of  Fusion. — If  a  given  weight  of  water  at  100°  be 
mixed  with  an  equal  weight  of  water  at  0°,  the  temperature  of  the 
mixture  will  be  50°.  If  a  given  weight  of  water  at  100°  be 
mixed  with  an  equal  weight  of  powdered  ice  at  0°,  the  tempera- 
ture of  the  mixture  will  be  only  10-4°  If  we  suppose  that,  in  this 
last  case,  a  gram  of  each  was  taken  (though  in  practice  the  experi- 
ment could  not  be  accurately  performed  with  such  small  quanti- 
ties), the  gram  of  water  at  100°  in  cooling  to  10-4°  will  have  given 
off  100— 10-4  =  89-6  calories.  But  in  giving  off  this  quantity  of 
heat,  it  has  melted  one  gram  of  ice  and  raised  the  temperature  of 
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the  resulting  gram  of  water  10-4°  This  last  rise  of  temperature 
will  represent  10-4  calories.  Therefore,  as  the  heat  given  off'  is 
equal  to  the  heat  taken  up : — 

Melting  of  1  gram  of  ice  +  10-4  cal.  =  89-6  cal. ;  or 
Melting  of  1  gram  of  ice  =  79-2  cal. 

In  other  words,  when  one  gram  of  ice  at  0°  is  converted  into  one 
gram  of  water  of  the  same  temperature,  79-2  calories — a  quantity 
of  heat  sufacient  to  raise  the  temperature  of  an  equal  weight  of 
water  79-2°— disappears.  This  quantity  of  heat  is  known  as  the 
latent  heat  of  fusion  of  ice,  or,  as  it  is  sometimes  termed,  the  latent 
heat  of  water.  The  energy  of  motion  represented  by  this  latent 
heat  is  taken  up  by  the  molecules  ia  some  form  which  does  not 
affect  the  thermometer :  it  occasions  no  rise  of  temperature,  but 
only  brings  about  a  difference  in  the  condition  of  the  molecules  in 
regard  to  each  other,  each  molecule  being  enabled  to  overcome  the 
attraction  of  its  immediate  neighbours,  and  to  wander  through  the 
liquid. 

All  substances  capable  of  assuming  the  liquid  state  possess 
latent  heat  of  fusion.  Water  has  the  highest  latent  heat  of  all 
known  liquids. 

The  disappearance  of  heat  in  the  liquefaction  of  ice  may  be 
roughly  shown  by  heating  over  a  flame  a  vessel  containing  pieces 
of  ice.  As  long  as  any  ice  remains  unmelted,  the  temperature  will 
rise  very  little  above  0°,  all  the  heat  which  is  talcen  up  by  the 
water  being  instantly  employed  in  melting  the  ice.  By  first  pound- 
ing the  ice  so  as  to  increase  the  surface,  and  stirring  continually 
so  as  thoroughly  to  mix  the  ice  and  water,  the  temperature  of  the 
whole  may  be  kept  at  0°.  As  soon  as  all  the  ice  is  melted,  the 
temperature  of  the  water  will  begin  to  rise  as  usual  until  the 
boiling-point  is  reached,  when  the  temperature  will  again  remain 
constant. 

The  heat  which  disappears  when  a  body  passes  from  the  solid 
into  the  liquid  state,  is  again  evolved  in  the  passage  from  the 
liquid  to  the  solid  state.    (See  suspended  solidification.) 

The  cold  which  is  produced  by  the  solution  of  solids  is  attri- 
butable to  the  same  cause.  (See  solubility.)  In  the  process  of 
solution,  a  solid  in  contact  with  its  solvent  may  become  liquid 
without  the  application  of  heat.  Hence,  when  the  latent  heat  of 
liquefaction  of  the  solid  disappears,  the  temperature  of  the  whole  is 
lowered,  the  heat  of  liquefaction  being  taken  from  the  mass  itself. 
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This  is  tlie  principle  involved  in  freezing-mixtures.  In  such  mix- 
tures, the  more  rapid  the  process  of  solution  or  liquefaction  with- 
out application  of  external  heat,  the  greater  is,  cceteris  paribus, 
the  degree  of  cold  attainable,  there  being  less  time  for  heat  to  be 
taken  up  from  without.  A  mixture  of  5  parts  of  ammonic 
chloride,  5  of  potassic  nitrate,  and  19  of  water,  produces  a 
reduction  of  temperature  from  +  10°  to  -  12°.  A  solution  of 
common  salt  in  water  freezes  at  a  much  lower  temperature  than 
pure  water;  if,  therefore,  salt  be  added  to  snow,  the  latter  will 
melt.  In  this  case  there  is  simultaneous  liquefaction  of  the  snow 
and  solution  of  the  salt;  but  owing  to  the  great  latent  heat  of 
water,  the  cold  is  derived  chiefly  from  the  former  source.  A 
mixture  of  three  parts  of  snow  with  one  of  common  salt  produces  a 
cold  of  -  22°.  If  equal  weights'  of  snow  and  dilute  sulphuric 
acid,  previously  cooled  to  -  7°  be  mixed,  the  temperature  will 
sink  as  low  as  —  51°. 

The  researches  of  Guthrie  into  the  nature  of  the  solid  com- 
pounds which  various  salts  form  with  water,  have  thrown  great 
light  upon  the  mode  of  action  of  freezing- mixtures  and  upon  the 
degree  of  cold  attainable  by  their  means.  G-uthrie  shows  that  all 
salts  which  are  capable  of  dissolving  in  water  form  definite  sohd 
compounds  with  this  solvent,  and  that  every  such  compound  has  a 
fixed  fusing-poiut.  To  the  compounds  of  this  class  which  are 
solid  only  at  temperatures  below  0°,  he  has  given  the  name  cryo- 
liydrates.  The  same  salt  frefjuently  forms  more  than  one  cryohy- 
drate.  Thus  sodic  chloride,  whicli  at  —  10°  crystallises  with 
2OII2,  combines  at  a  still  lower  temperature  with  10'5  OHg, 
yielding  a  compound  fusing  at  —  22°.  The  important  law  holds 
good  that  the  fusing-point  of  that  cryohydrate  whicli  is  formed 
at  the  lowest  temperature  is  the  limit  to  the  degree  of  cold 
attainable  with  a  given  freezing  mixture,  since  any  further  abstrac- 
tion of  heat  from  the  mixture  occasions,  not  depression  of  tem- 
perature, but  separation  of  the  cryohydrate.  Thus  the  greatest 
degree  of  cold  which  can  be  produced  with  a  mixture  of  ice  and 
sodic  chloride  is  —  22°.  Further,  the  maximum  effect  from  a 
freezing  mixture  is  obtained  when  the  ingredients  are  employed  in 
the  proportions  requisite  for  the  formation  of  the  cryohydrate. 

Susioended  Solidification. — Although  it  is  not  possible  (at  least 
at  ordinary  pressures)  to  heat  a  substance  a  single  degree  above  its 
fusing-point  without  producing  liquefaction,  yet  many  substances, 
when  fused,  may  be  cooled  many  degrees  below  their  fusing-point 
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without  solidifying.  This  state,  which  is  known  as  suspended  solidi- 
fication, is  most  readily  produced  in  bodies  from  which  air  is 
excluded.  Water  enclosed  in  a  small  glass  vessel  from  which  the 
air  has  been  removed  may  be  cooled  as  low  as  —  8°  or  —10° 
without  solidifying.  The  fusing-point  of  phosphorus  is  44° ;  but 
if  melted  under  water,  it  may  be  cooled  to  32°  without  becoming 
solid. 

If  a  liquid  body,  thus  cooled  below  its  fusing-point,  be  touched 
with  a  portion  of  the  same  body  in  the  solid  state,  solidification 
instantly  ensues,  and  the  temperature  of  the  mass  rises  to  the 
fusing-point.  The  cause  of  tliis  rise  in  temperature  is  the  latent 
heat  of  fusion,  which  is  again  evolved  when  the  body  passes  back 
into  the  solid  state.  Solidification  may  also  frequently  be  induced 
in  such  cases  by  agitation. 


CHAPTEE  XVli. 

EBULLITION  AND  BOILING-POINTS. 

When  the  molecules  of  a  liquid,  in  the  course  of  their  wanderings, 
reach  the  free  surface  of  the  liquid,  they  are  carried  by  the  force  of 
their  motion,  should  this  happen  to  be  in  an  upward  direction,  into 
the  air.  Here  they  behave  like  the  molecules  of  a  gas,  striking 
against  other  molecules — either  of  the  air  or  of  their  own  kind — 
sometimes  proceeding  further  upwards,  sometimes  being  thrown 
back  into  the  liquid.  If  the  space  above  the  liquid  is  unlimited, 
the  molecules  above  the  liquid  will  gradually  wander  away  from  it 
and  no  longer  be  exposed  to  the  rislc  of  falling  into  it  again,  whilst 
their  place  will  be  constantly  taken  by  fresh  molecules  from  the 
surface.  This  is  the  phenomenon  of  spontaneous  evaporation  at 
ordinary  temperatures.  If  the  space  above  the  liquid  is  Limited, 
the  diffusion  of  molecules  into  it  from  the  liquid  will  go  on  as 
before  ;  biit  a  point  will  be  reached  at  which  the  number  of  mole- 
cules which  fall  back  into  the  liquid  is  as  great  as  that  of  the 
molecules  which  leave  its  surface,  upon  which  the  evaporation  will 
appear  to  cease,  though  in  reality  it  is  going  on  as  before.  The 
space  is  then  said  to  be  saturated  with  vapour.    The  quantity  of 
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vapour  which  will  thus  diffuse  into  a  given  space  is  constant  for 
a  given  temperature  and  independent  of  the  pressure.  Thus  at  a 
given  temperature  the  same  quantity  of  vapour  will  diffuse  into  a 
vaciium  and  into  an  equal  space  containing  air,  the  only  difference 
being  that  the  vacuum  will  fill  more  rapidly  with  vapour,  as  there 
are  no  molecules  of  air  to  oppose  the  passage  of  the  molecules  of 
vapour.  This  vapour  exerts  a  pressure,  and  as  this  pressure 
must  be  proportional  to  the  quantity  of  vapour  present  in  the 
unit  of  space,  it  will  also  be  constant  for  any  given  temperature. 
This  pressure  is  known  as  the  tension  of  the  vapour  of  the  liquid. 
Its  action  may  be  illustrated  and  its  amount  measured  as  follows  : — 
Two  barometer-tubes  are  filled  with  mercury  and  inverted  over  a 
mercury  trough.  The  mercury  will  stand  equally  high  in  both, 
and  the  height  of  the  column  wiU  represent  the  pressure  of  the 
atmosphere.  A  few  drops  of  water  are  now  introduced  into  one  of 
the  tubes  by  allowing  the  water  to  rise  through  the  mercury  in  the 
tube.  In  a  very  short  time  this  column  of  mercury  will  show  a 
marked  depression,  corresponding  to  the  tension  of  the  vapour  of 
water  for  that  temperature.  If  this  barometer-tube  be  surrounded 
with  a  second  wider  tube,  which  can  be  filled  with  water  of  various 
temperatures,  it  will  be  noticed  that  as  the  temperature  rises,  the 
mercury  in  the  barometer-tube  sinks,  corresponding  to  the  increased 
vapour  tension.  The  difference  in  height  between  the  columns  of 
mercury  in  the  two  barometer-tubes  at  any  given  temperature,  will 
wive  the  vapour  tension  of  water  for  that  temperature.  When  the 
temperature  reaches  100°  C,  the  boiling-point  of  water,  the  mercury 
inside  and  outside  the  tube  with  the  water  will  stand  at  the  same 
level— in  other  words,  the  tension  of  the  vapour  inside  the  tube 
exactly  balances  the  pressure  of  the  atmosphere.  Hence  the 
important  law  :  The  temperature  at  which  a  liquid  boils,  is  that  at 
which  the  tension  of  its  vapour  is  equal  to  the  atmospheric  pressure. 
The  moment  tliis  point  of  equaUty  is  passed,  the  molecules  from 
the  surface  of  the  liquid  stream  forth  freely  into  space,  carrying 
before  them  the  layer  of  air  which  presses  upon  them.  Bubbles  of 
vapour  are  formed  in  the  interior  of  the  Hquid,  rise  through  it,  and 
are  discharged  at  its  surface.  ,     ,    ,  . 

From  the  above  law  it  follows,  that  by  lowering  the  pressure, 
the  boiling-point  of  a  liquid  may  also  be  lowered.  Water  wOl  boil 
in  a  vacuum  at  ordinary  temperatures,  if  means  be  taken  to  absorb 
the  aqueous  vapour  as  quickly  as  it  is  formed.  In  like  manner,  by 
raising  the  pressure,  the  boiling-point  may  be  raised.    By  heating 
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water  in  a  strong  closed  vessel,  by  which  means  the  liquid  is  sub- 
jected to  the  pressure  of  its  own  vapour,  the  temperature  may  be 
raised  far  above  100°  without  causing  ebullition.  There  is,  how- 
ever, for  every  liquid  a  fixed  temperature  beyond  which  no  degree 
of  pressure  will  sufBce  to  restrain  the  liquid. from  passing  into  the 
gaseous  state.  This  temperature  is  known  as  the  critical  point.  If 
the  liquid  be  heated  in  a  very  strong  glass  tube,  the  surface  of  the 
liquid,  when  the  critical  point  is  reached,  will  be  seen  to  disappear 
and  the  whole  tube  will  be  filled  with  transparent  vapour,  almost 
of  the  same  density  as  the  liquid  itself.* 

The  law  that  the  tension  of  a  vapour  is  constant  for  a  given 
temperature  and  independent  of  the  pressure,  holds  only  for  what 
are  known  as  saturated  vapours — vapours  in  contact  with  an  excess 
of  their  liquids.  When  the  space  is  not  saturated  with  the  vapour, 
and  there  is  none  of  the  liquid  present  from  wdiich  a  greater  supply 
may  be  derived,  the  vapour  behaves,  in  regard  to  temperature  and 
pressure,  like  a  true  gas :  for  example,  a  forcible  diminution  of  the 
volume  would  cause  a  corresponding  increase  in  the  pressure.  In 
the  case  of  a  saturated  vapour  such  a  diminution  of  volume  would 
only  occasion  a  partial  condensation  of  the  vapour,  the  pressure 
remaining  as  before.  Non-saturated  vapours  are  also  termed 
superlieated. 

When  a  liquid  assumes  the  gaseous  form,  its  molecules  have  to 
overcome,  besides  the  pressure  resting  on  the  liquid,  the  force  of 
cohesion,  that  is,  of  their  mutual  attraction.  Hence  anything 
which  tends  to  increase  the  force  of  cohesion  will  raise  the  boiling- 
point  of  the  liquid.  As  the  attraction  between  the  molecules  of 
a  substance  and  those  of  the  liquid  in  which  it  is  dissolved  is 
greater  than  that  of  the  molecules  of  the  liquid  for  each  other,  it  is 
clear  that  the  presence  of  any  solid  substance  in  solution  will 
increase  the  force  of  cohesion,  and  consequently  raise  the  boiling- 
point  of  the  liquid.  Hence  it  is  that  aqueous  solutions  of  salts 
boil  above  100°.  The  boiling-point  of  such  solutions  rises  with 
the  concentration. 

The  boiling-point  of  a  liquid  is  best  ascertained  by  means  of  a 
thermometer  immersed  in  the  vapour  of  the  hquid.  The  tempera- 
ture at  which  the  liquid  enters  into  ebullition  varies  with  the 
nature  of  the  vessel  in  which  it  is  contained ;  but  the  temperature 

*  According  to  Riimpay,  however,  the  critical  point  is  merely  the  temperature  at 
which  the  liquid  in  the  tube  has  the  same  specific  gravity  as  its  vapour,  and  a  gas 
may  he  liquefied  at  any  temperature,  provided  sufficient  pressure  be  applied. 
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of  its  vapour  or  steam  is  constant.  Water  boils  in  a  glass  vessel 
at  a  higher  temperature  than  in  a  vessel  of  iron,  owing  to 
the  greater  adhesion  between  water  and  glass,  which  hinders 
the  formation  of  bubbles  of  steam  at  the  points  of  contact  of  the 
liquid  and  the  vessel.  By  heating  in  a  glass  vessel  water  from 
which  the  air  has  been  previously  expelled  by  boiling,  .the  tempera- 
ture may  be  raised  several  degrees  above  100°  without  ebullition 
supervening.  When  this  state  of  molecular  inertia  is  from  any 
cause  disturbed,  ebullition  suddenly  commences  with  explosive 
violence,  and  the  temperature  sinks  to  100°.  Liquids  thus  heated 
above  their  boUing-points  are  said  to  be  mperheated,  and  the 
phenomena  of  sudden  percussive  ebullition  is  commonly  known  as 
huonping. 


Various  attempts  have  been  made  to  discover  some  law  con- 
necting the  boiling-point  of  a  liquid  with  its  constitution  or 
molecular  weight.  Such  laws  as  have  been  deduced  hold  only  for 
compounds  belonging  to  the  same  group,  and  generally  only  for 
a  few  members  of  such  a  group.  Moreover,  the  correspond- 
ence between  experiment  and  theory  is  seldom  more  than  approxi- 
mate. A  very  few  examples  wiU  suffice.  The  normal  alcohols 
of  the  general  formula  C^Hj^+iHo  display  among  their  lower 
members  a  difference  of  boiling-point  amounting  to  about  19*5° 
for  every  difference  of  CHj  in  the  molecular  formula.  For  a 
similar  difference  of  CB^  in  the  normal  fatty  acids  of  the  general 
formula  C^H2„+i  (COHo),  the  difference  of  boiling-point  is  about 
22°.  This  difference  becomes,  in  the  case  of  the  acids,  rapidly 
less  for  the  higher  members. 

Normal  alcohols.  Boiling-point.  PifEei-ence. 

Ethylic  alcohol,  C2H5H0          78°  ^^.^ 
Propylic     „     C3H7H0  97-4 

Butylic      „     C4H9H0  116-9  ^q-I 

Amylic      „     C5H11H0  137  20-5 

Hexylic     „     CgHigHo  157-5  ^^.^ 

Heptylic    „     C7H15H0  176 
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Normal  fatty  acids.  Boiling-point.  Difference. 

Acetic  acid  "(^COHo 
Propionic  acid  ^CcSo 
Butyric  acid  j^COTo 
Valeric  acid.  ^C(^o 

{C  H 
COHo 


118° 

22-7 

140-7 

22-3 

163 

21-5 

184-5 

20-5 

205 

18-5 

223-5 

13 

236-5 

17 

253-5 

(Enanthylic  acid  j^Q^J 
Caprylic  acid  {q'^I 
Pelargonic  acid  |^Q(^o 

Latent  Heat  of  Vapoiirs.— It  has  already  been  mentioned  that 
bodies,  in  passing  from  the  solid  to  the  liquid  state,  take  up  heat 
any  rise  of  temperature,  the  heat  which  thus 
■disappears  being  employed  in  producing  a  change  in  the  molecular 
condition.  The  same  phenomenon  is  observed  in  a  still  more 
marked  degree  during  the  passage  from  the  liquid  to  the  gaseous 
state.  If  two  thermometers  be  introduced  into  a  flask  of  water 
boiling  over  a  flame,  one  being  plunged  in  the  Liquid  and  the  other 
suspended  in  the  steam,  both  will  register  the  same  temperature, 
100°.  (The  thermometer  in  the  liquid  may  happen  to  be  a  fractiori 
of  a  degree  higher;  see  Boiling-points.)  This  temperature  wiU  be 
preserved  by  both  thermometers,  as  long  as  there  is  any  liquid 
left,  though  aU  the  time  heat  is  being  communicated  to  the  water. 
The  heat  wliich  thus  disappears  in  causing  a  change  of  molecular 
condition,  is  known  as  the  latent  heat  of  steam,  and  is  evolved 
again  in  exactly  the  same  quantity  when  the  steam  is  condensed. 
This  last  fact  is  turned  to  account  in  the  determination  of  the 
latent  heat  of  steam.  If  steam  be  passed  into  a  kilogram  of  water 
at  0  till  the  temperature  of  the  latter  reaches  100°,  it  will  be 
lound  that  the  weight  of  the  water  has  increased  to  1-186  kilo- 
grams :  in  other  words,  0-186  Idlogram  of  steam  at  100°,  in  bein« 
converted  into  water  at  100°  gives  off  heat  sufficient  to  raise  the 
temperature  of  1  kilogram  of  water  through  100° ;  therefore 
1  kilogram  of  steam  will  raise  5-37  kilograms  of  water  through 
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100°,  or  537  kilograms  tlirougli  1° ;  or  1  gram  of  steam  will  raise 
537  grams  of  water  through  1°.  Tlu  latent  heat  of  steam  is  therefore 
537  calories. 

Steam  has  the  highest  latent  heat  of  aU  known  vapours.  It  is 
this  which  renders  it  such  a  valuable  heating  agent  when  the  heat 
has  to  he  carried  to  a  distance  from  its  source. 

The  phenomena  of  latent  heat,  both  of  liquids  and  of  vapours, 
were  first  observed  and  studied  by  Black.* 

Liquefaction  of  Gases. — The  fact  that  the  non-saturated  or 
superheated  vapours  of  liquids  behave  like  true  gases  leads  natur- 
ally to  the  converse  idea  that  the  gases  may  be  nothing  more  than 
the  superheated  vapours  of  liquids  unknown  under  ordinary  con- 
ditions of  temperature  and  pressure.    There  are  two  methods  of 
condensing  a  vapour  to  a  liquid,  one  being  refrigeration,  and  the 
other  pressure ;  pressure  having,  as  we  have  already  seen,  the  effect 
of  raising  the  boiling-point  of  the  liquid.     This  last  method  was- 
that  chiefly  employed  by  the  earlier  experimenters  in  tliis  field, 
of  whom  Faraday  may  be  mentioned  as  the  chief.  Faraday's 
earlier  method  consisted  in  generating  the  gas  to  be  liquefied  from 
some  suitable  substance  contained  in  one  of  the  limbs  of  a  bent 
sealed  glass  tube.  The  other  limb  was  immersed  in  cold  water,  and 
in  this  extremity  of  the  tube  the  gas,  liquefied  by  its  own  pressure, 
condensed.    In  this  way  Faraday  succeeded  in  liquefying  chlorine, 
cyanogen,  ammonia,  and  some  other  gases.    In  his  later  experi- 
ments, however,  he  combined  cold  with  pressure,  and  thus  liquefied 
carbonic  anhydride,  nitrous  oxide,  and  other  gases.    There  were, 
however,  a  niimber  of  gases— oxygen,  hydrogen,  nitrogen,  carbonic 
oxide,  nitric  oxide,  and  marsh-gas— which  till  quite  lately  defied 
aU  efforts  to  reduce  them  to  the  liquid  state.    The  reason  of  this 
was,  that  the  earlier  experimenters  relied  chiefly  on  pressure  to 
produce  liquefaction,  and  it  was  not  till  the  discovery  of  the 
phenomenon  of  the  critical  point  by  Andrews,  that  it  became 

•  The  expression  "latent  heat,"  though  stiU  in  Tery  general  use,  must  be 
regarded  as  a  survival,  as  it  no  longer  expresses  the  views  of  physicists  regarchng 
this  phenomenon.  The  heat  which  has  disappeared  as  such  in  the  above  process  » 
no  longer  heat,  and  ought  not,  properly  speaking,  to  be  called  by  this  name.  It  ha» 
performed  the  work  of  overcoming  cohesion  :  it  is  no  longer  present  m  that  iorm  or 
molecular  vibration  recognisable  as  heat,  and  possibly  exists  only  as  the  potential 
energy  of  position  of  the  molecules.  It  would  be  just  as  admissible  to  apply  t'|^ 
epithet  "latent  "  to  the  heat  which  disappears  when  a  steam-engine  is  employed  to 
raise  a  weight,  because  the  potential  energy  of  the  raised  weight  can  be  recouvertett 
into  heat. 
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evident  that  at  ordinary  temperatures  no  amount  of  pressure  could 
liquefy  these  gases  *  Now,  however,  by  the  united  agency  of 
intense  cold  and  enormous  pressure,  the  problem  has  been  solved 
simultaneously  by  two  workers  in  this  field,  MM.  Pictet  and 
Cailletet.  (See  Hydrogen)  To  give  an  idea  of  the  difficulties  to  be 
.surmounted  in  these  experiments,  it  will  suffice  to  mention  that 
oxygen  required  a  pressure  of  300  atmospheres  and  a  temperature 
of  —110°  for  its  liquefaction,!  and  that  hydrogen  did  not  succumb 
till  a  pressure  of  650  atmospheres,  coupled  with  a  temperature  of 
—  140°,  had  been  reached. 

In  the  descriptions  of  the  various  gases  the  temperatures  and 
pressures  of  liquefaction  will  be  given. 


CHAPTEK  XVIII. 

SOLUTION. 

Solubility  is  the  property  which  many  substances — gaseous,, 
liquid,  and  solid — possess  of  mixing  homogeneously  with  some 
liquid  employed  as  a  solvent.  Gaseous  and  solid  bodies,  when  in 
solution,  assume  for  the  time  being  the  liquid  state. 

Soluhility  of  Gases. — The  solubility  of  gases  is  known  as  absorp- 
tion. Some  gases,  such  as  hydrogen  and  nitrogen,  are  soluble  in 
water  to  a  very  slight  degree  only ;  others,  like  carbonic  anhydride^ 
chlorine,  and  sulphuretted  hydrogen,  are  dissolved  in  moderate 
quantity ;  whilst  others  again,  like  hydrochloric  acid  and  ammonia, 
are  extremely  soluble,  the  volume  absorbed  being  in  the  case  of 
the  last-mentioned  gas  at  0°  more  than  a  thousand  times  that 
of  the  water  employed.  In  the  case  of  gases  slightly  or  only 
moderately  soluble,  the  quantity  absorbed  is  approximately  pro- 
portional to  the  pressure.  This  fact  may  be  accounted  for  by  the 
assumption  that  the  gas  occupies  the  spaces  between  the  molecules 
of  the  liquid  as  it  would  any  other  empty  space :  the  quantity 
which  can  be  pressed  into  this  space  will  then  be  proportional  to 

*  See,  however,  p.  Ill,  footnote. 

t  According  to  the  still  more  recent  results  of  Wroblcwski  and  Olzewski,  oxycren 
^quefiesat  the  somewhat  lower  temperature  of  -136°  under  a  pressure  of  o'nlv 
■<5^'o  atmospheres.  •' 
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the  pressure.  The  solubility  generally  decreases  as  the  temperature 
rises.  Hence  this  law  may  be  expressed  by  saying  that  the  volume 
of  these  gases  absorbed  is  constant  for  a  given  temperature,  being 
less  for  higher  temperatures,  and  independent  of  the  pressure. 
For  those  gases  which  are  very  soluble,  this  law  does  not  hold.  In 
these  cases,  the  solubility  is  the  result  of  a  powerful  affinity, 
between  the  molecules  of  the  gas  and  those  of  the  solvent.  Such 
absorptions  are  accompanied  by  great  evolution  of  heat — partly  the 
latent  heat  of  the  gas,  partly  the  heat  of  chemical  combuiation. 

Solubility  of  Liquids — Miscihility. — The  following  %T.ews  on 
solubility  have  been  enunciated  by  Dossios : — Let  there  be  two 
liquids  A  and  B,  and  let  the  single  molecules  of  each  be  repre- 
sented by  a  and  h  respectively,  and  let  the  attraction  of  sinailar 
molecules  be  expressed  by  aa,  Ih,  and  that  of  dissimilar  molecules 
by  ab.  Then  if  ab  be  greater  than  aa  +  bb,  the  liquids  will 
obviously  be  miscible  in  all  proportions.  But  if  ab  be  less  than 
aa  +  bb,  the  attraction  ab  can  effect  the  mixture  of  the  two  liquids 
only  with  the  aid  of  the  energy  of  their  molecules.  At  the  surface  of 
separation  of  the  two  liquids,  single  molecules  of  A  will  sometimes 
be  carried,  by  the  force  of  their  own  motion,  among  the  molecules 
of  B,  where  they  will  wander  about  until  they  happen  again  to 
reach  the  surface  of  separation,  when  they  will  for  the  most  part 
be  retained  by  the  other  molecules  of  A.  At  length  a  condition  will 
be  reached  in  which  as  many  molecules  a  return  to  A  as  leave  it,  and 
as  soon  as  this  is  the  case,  B  is  saturated  with  A.  The  same  holds 
in  regard  to  the  saturation  of  A  with  B.  Two  such  liquids  will 
■  dissolve  in  each  other  only  up  to  a  certain  point.  An  example  of 
this  is  afforded  by  the  behaviour  of  ether  and  water  towards  each 
other.  If  equal  volumes  of  these  liquids  be  agitated  together,  the 
ether  dissolves  about  °^  water,  whilst  the  water  takes 

up  I  of  its  bulk  of  ether. 

When  two  liquids  are  miscible  in  all  proportions,  the  force 
which  comes  into  play  is  the  preponderating  attraction  of  dissimilar 
molecules.  The  heat  which  is  Hberated  by  the  approximation  of  these 
dissimilar  molecules  will  therefore  be  greater  than  that  absorbed  in 
the  separation  of  similar  molecules.  Hence,  in  most  cases  were 
two  liquids  are  miscible  iu  all  proportions,  heat  is  evolved  by  their 
mixture.  A  remarkable  exception  to  this  rule  is  presented  by  a 
mixture  of  equivalent  proportions  of  ethylic  oxalate  and  amylic 
iodide,  a  depression  of  temperature  amounting  to  9-3°  occurring 
when  the  liquids  are  suddenly  blended. 
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SoluUlity  of  Solids.— Let  ^  be  a  solid  body,  and  B  a  liquid,  and 
let  the  single  molecules  and  their  attractions  be  designated  as  above. 
Then  the  forces  which  strive  to  prevent  solution  will  be  aa  and  hh, 
those  which  tend  to  induce  it,  ah,  and  the  energy  of  the  molecules. 
The  attraction  ah  must  be  less  than  aa,  otherwise  the  liquid  and 
.the  soHd  would  form  a  solid  compound.  The  molecules  a  are 
carried  away  from  A  by  their  energy,  plus  the  attraction  ah,  wander 
through  the  liquid  and  sometimes  return  to  A.  When  as  many 
molecules  return  to  A  in  unit  of  time  as  leave  it,  the  solution  is 
saturated.  As  the  projection  of  the  molecules  of  A  among  those 
of  B  is  dependent  in  part  on  the  molecular  energy,  it  is  evident 
that  the  solubility  wiU  increase  with  the  temperature.  This  is 
generally  found  to  be  the  case  ;  the  cause  of  some  apparent  excep- 
tions to  this  rule  will  be  mentioned  later. 

The  diagram  (p.  118)  is  a  graphic  representation  of  the  rela- 
tions between  temperature  and  solubility  in  the  case  of  various 
salts,  the  solvent  being  water.  The  abscissae  express  the  tempera- 
tures ;  the  ordinates,  the  number  of  parts  of  anhydrous  salt  soluble 
in  100  parts  of  water. 

The  method  of  using  this  diagram  will  be  evident  on  inspection. 
Thus  at  0°,  100  parts  of  water  dissolve  26  parts  of  magnesic  sul- 
phate ;  at  40°  45  parts  ;  at  100°  74  parts.  As  the  increase  of  solu- 
bility of  magnesic  sulphate  is  proportional  to  the  increase  of  tem- 
perature, the  line  representing  its  solubility  will  be  straight.  The 
more  rapid  the  increase  of  solubility  in  a  salt,  the  more  its  curve 
will  approach  the  vertical ;  the  slower  this  increase,  the  more  nearly 
horizontal  the  curve  wiU  be.  In  the  case  of  sodic  chloride,  which 
is  almost  equally  soluble  at  aU  temperatures,  the  curve  is  nearly 
horizontal.  If  the  solubHity  increases  more  rapidly  than  the  tem- 
perature, the  curve  will  show  this  by  bending  upwards.  In  the 
case  of  potassic  nitrate  and  plumbic  nitrate  the  solubility  at  0°  of 
these  two  salts  in  100  parts  of  water  is  13  and  40  parts  respectively  ; 
at  45°  both  salts  are  equally  soluble,  100  parts  of  water  dissolving  ' 
85  parts  of  each;  whilst  at  73°  the  solubility  of  potassic  nitrate  is 
150  parts  against  108  parts  of  plumbic  nitrate.  Thus,  by  rise  of 
temperature,  the  relative  solubilities  of  these  two  salts  have  been 
reversed,  the  more  soluble  becoming  the  less  soluble.  This  is 
shown  in  the  diagram  by  the  intersection  of  the  curves.  The  point 
of  intersection  indicates  the  temperature  of  equal  solubility. 

The  solubility  of  sodic  sulphate  presents  a  singular  anomaly. 
At  0°  the  solubiHty  in  100  parts  of  water  is  5  parts ;  it  increases 
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Biore  rapidly  than  the  temperature,  till  at  33°  it  is  51  parts ;  then 
it  suddenly  decreases,  and  goes  on  decreasing  the  higher  the  tem- 


Fig.  1. — Solubility  of  Salts  in  100  Paets  op  Watee. 


t3 


Temperature 


perature  rises.  This  anomaly  would  be  quite  inexpHcable,  if  we 
were  forced  to  assume  that  it  is  the  same  body  which  is  contamed 
in  the  solution  above  and  below  33°  ;  but  closer  examination  shows 
this  assumption  to  be  unnecessary.  Below  33°  the  solution 
deposits  crystals  of  the  formula  SO,Nao„10OH, ;  above  this  tem- 
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perature  the  salt  which  separates  out  possesses  the  formula 
SO^Nao^.OHa  *  The  latter  salt  is  less  soluble  than  the  former, 
hence  the  change  in  the  solubility.  The  higher  the  temperature, 
the  greater  the  quantity  of  S02N'ao2,lOOH2  which  dissociates 
into  S02N"ao2,OH2  and  water.  There  is  no  difficulty  in  conceiving 
that  a  salt  may  exist  in  different  states  in  its  solutions,  at  one  time 
with  more,  at  another  time  with  less  water  of  crystallisation. 
Anlaydrous  cobaltous  chloride  is  blue,  as  is  also  the  aquate 
CoCl2,20H2 ;  whilst  the  aquate  CoCl2,60H2  is  pink,  and  dissolves 
in  water  with  tliis  colour.  If  to  a  concentrated  aqueous  solution 
of  the  pink  salt  a  dehydrating  agent — strong  hydrochloric  acid,  or 
absolute  alcohol — be  added,  the  solution  becomes  blue.  If  less 
alcohol  be  added,  the  solution  remains  pink  in  the  cold ;  but  on 
heating,  the  colom'  changes  to  blue,  and  on  cooling  returns  to 
pink  again.  Here  we  have  a  dissociation  perfectly  analogous  to 
that  of  the  higher  aquate  of  sodic  sulphate,  the  presence  of  the 
anhydrous  cobaltous  chloride  (or  of  the  lower  aquate)  being 
denoted  by  the  change  of  colour  in  the  solution. 

Solution  is  almost  invariably  attended  with  contraction,  the 
volume  of  the  substance  dissolved,  together  with  that  of  the  solvent, 
being  greater  than  that  of  the  resulting  solution.  The  only  known 
■exception  among  anhydrous  salts  occurs  in  the  case  of  ammonic 
chloride,  the  solution  of  which  is  accompanied  by  expansion.  The 
most  marked  contraction  is  displayed  by  dehydrated  salts  which 
form  definite  compounds  with  water.  Contraction  also  takes 
place  when  a  solution  of  a  substance  is  further  diluted  with  the 
solvent. 

Solution  is  attended  with  absorption  of  heat.  In  those  cases  in 
which  heat  appears  to  be  liberated,  the  substance  enters  into  defi- 
nite chemical  combination  with  the  solvent,  in  which  process  heat 
is  evolved.  The  compound  thus  formed  dissolves  with  absorption 
of  heat.  The  excess  of  thermal  effect  due  to  chemical  com- 
bination produces  the  rise  of  temperature.  Caustic  potash  (KHo) 
dissolves  in  water  with  liberation  of  great  heat.  But  the  crys- 
talline aquate  KHo,20H2,  which  is  obtained  by  cooling  a  concen- 
trated solution  of  caustic  potash,  dissolves  in  water  with  absorption 
of  heat. 

The  absorption  of  heat  which  attends  solution  is  for  the  most 
part  attributable  to  the  latent  heat  of  liquefaction  of  the  substance 

*  Generally  stated  to  be  anhydrous.  See,  liowever,  Tliomsen,  Deut.  chem  Ges 
Ber.,  11,  2042. 
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(see  Latent  Heat  of  Fusion).    It  is  difficult  to  give  an  exact  account 
of  the  various  thermal  items  which  go  to  make  up  the  total  thermal 
effect  of  solution,  as  the  process  is  of  a  complex  nature.    The  |^ 
explanation  formerly  in  vogue,  according  to  which  the  fall  of  I 
temperature  during  solution  is  entirely  due  to  the  latent  heat  of  I 
liquefaction  of  the  substance,  solution  itself  heing  caused  by  the-  H 
excess  of  affinity  of  solvent  for  substance  over  that  of  substance  ^ 
for  substance  plus  that  of  solvent  for  solvent,  is  manifestly  unten- 
able.    According  to  this  explanation,  solution  itself  would  always 
be  accompanied  with  liberation  of  heat,  the  absorption  of  heat 
which  is  observed  being  attributable  to  the  excess  of  heat  which 
becomes  latent  in  the  liquefaction  of  the  substance.    The  absorp- 
tion of  heat  during  solution  would  therefore  be  less  than  the  latent 
heat  of  fusion.    But  very  often  the  reverse  is  the  case.    The  latent 
heat  of  fusion  of  1  gram  of  potassic  nitrate  is  49  calories ;  but  by 
dissolving  the  same  weight  of  this  salt  in  20  grams  of  water  at  20°, 
81  calories  are  absorbed. 

Supersattiration  or  Suspended  Crystallisation. — ^When  a  solution 
contains  at  a  given  temperature  more  salt  than  the  coefficient  of 
solubility  of  that  salt  indicates,  the  solution  is  said  to  be  super- 
saturated, or  the  crystallisation  is  said  to  be  suspended.  The  phe- 
nomenon is  analogous  to  that  of  suspended  solidification,  observed 
in  the  case  of  fused  solids.  It  occurs  most  readily  with  salts 
which  form  more  than  one  aquate,  and  is  unknown  in  the  case  of 
anhydrous  salts.  It  may  be  induced  by  dissolving,  with  the  aid 
of  heat,  a  salt  which  has  a  tendency  to  form  a  supersaturated 
solution,  and  allowing  the  clear  liquid,  which  must  be  free  from 
undissolved  substance,  to  cool,  excluding  dust.  On  dropping 
into  sucli  a  solution  a  crystal  of  the  aquate  which  would  be 
formed  at  that  temperature,  crystallisation  immediately  ensues 
with  elevation  of  temperature,  the  latent  heat  of  liquefaction 
being  evolved.  A  salt  well  suited  for  tliis  experiment  is  sodic 
sulphate.  No  other  aquate  or  modification  of  a  salt  than 
the  one  which  is  formed  at  the  given  temperature  wiU  induce 
crystallisation  ;  tiius  sodic  sulphate  of  the  formula  S02Nao2,OH2, 
crystallised  above  33°,  may  be  added  to  a  supersaturated  solution  i 
of  sodic  sulphate  at  ordinary  temperatures  without  effect ;  whilst 
the  addition  of  the  smallest  fragment  of  the  aquate  SO2Nao2,10OH2 
causes  instantaneous  crystallisation. 
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DIFFUSION. 

If  water  be  carefully  poured  on  a  concentrated  solution  of  a  salt 
contained  in  a  tall  glass  vessel,  the  liquids  will  be  seen  to  form 
two  distinct  layers,  the  specifically  heavier  solution  of  the  salt 
remaining  at  the  bottom.  After  standing  for  some  time,  how- 
ever, the  salt  will  be  found  to  be  equally  distributed  throughout 
the  liquid.  If  a  solution  of  a  coloured  salt,  such  as  cupric  sul- 
phate or  potassic  dichromate,  be  employed,  the  progress  of  this 
distribution  or  diffiosion,  as  it  is  termed,  will  be  rendered  visible  to 
the  eye  by  a  gradation  of  shades,  extending  from  the  bottom  to  the 
surface  of  the  liquid,  and  ranging  through  every  intermediate  tint 
from  the  colour  of  the  concentrated  solution  to  absolute  colourless- 
ness. At  last,  when  the  process  of  diffusion  is  complete,  the 
liquid  will  exhibit  a  uniform  tint  throughout. 

In  like  manner,  if  two  tall  glass  vessels  be  placed  mou.th  to 
mouth,  one  over  the  other,  and  separated  by  a  glass  plate,  the 
upper  being  filled  with  air  and  the  lower  with  chlorine,  then,  if 
the  glass  plate  be  carefully  withdrawn,  the  lower  vessel  will  be 
seen  to  be  filled  with  the  yellowish-green  chlorine,  whilst  the  gas 
in  the  upper  vessel  is  colourless.  But  after  a  short  time,  the 
yellowish-green  colour  will  begin  to  extend  into  the  upper  vessel, 
and  this  will  continue  until  the  entire  gas  presents  one  uniform 
tint.  The  upward  progress  of  the  chlorine  may  further  be  made 
visible  by  the  gradual  bleaching  of  a  strip  of  moist  carmine-paper 
attached  to  the  inside  of  the  upper  vessel  and  extending  from  top- 
to  bottom. 

In  both  these  cases,  the  force  of  diffusion  is  sufficient  to  over- 
come the  counteracting  force  of  gravity.  The  heavier  molecules  of 
the  salt  find  their  way  upwards  through  the  lighter  molecules  of 
the  water ;  the  latter  penetrates  downwards,  diluting  the  concen- 
trated solution.  Chlorine  is  nearly  two  and  a  half  times  heavier 
than  air ;  yet  its  molecules  gradually  rise  through  those  of  the 
oxygen  and  nitrogen  of  the  air,  whilst  the  latter  find  their  way 
into  the  lowest  parts  of  the  vessel.  In  both  experiments  the 
ultimate  result  is  uniform  mixture. 

This  diffusion  has  its  source  in  the  independent  motions  of -the 
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molecules.  These  motions  have  already  been  referred  to  on 
various  occasions  in  this  introduction,  while  discussing  the  gaseous 
^and  liquid  states  of  matter. 

The  phenomena  of  diffusion  were  first  thoroughly  investigated 
by  Graham,  to  whom  is  due  the  deduction  of  various  important 
laws  in  regard  to  this  subject. 

Diffusion  of  Liquids. — The  quantities  of  a  salt  which  pass  in 
•equal  times  from  a  solution  into  the  adjacent  water  are  propor- 
tional to  the  weight  of  salt  originally  in  solution.  (This  law  does 
not  hold  for  very  concentrated  solutions.) 

Eise  of  temperature  increases  the  velocity  of  diffusion.  This 
must  evidently  be  the  the  velocity  with  which  the  mole- 

cules move  increases  with  the  temperature. 

Different  substances  have  different  velocities  of  diffusion.  Iso- 
morphous  salts  frequently  possess  equal  velocities  of  diffusion. 

Mixed  solutions  of  salts,  which  do  not  act  chemically  on  each 
other,  do  not  diffuse  at  the  same  rates  as  when  separate,  the  differ- 
ence in  their  rates  of  diffusion  being  increased  by  mixture.  Double 
salts  may  frequently  be  decomposed  by  means  of  the  unequal 
velocity  of  diffusion  of  their  component  single  salts. 

Dialysis. — In  the  course  of  his  investigations  on  the  diffusion 
of  liquids,  Graham  made  the  remarkable  discovery  that  certain 
substances  when  in  solution  diffuse  tln-ough  porous  membranes, 
such  as  bladder  or  parchment,  whereas  others  do  not  possess  this 
property.     He  found  further,  that  the  substances  which  thus 
•diffuse  are  always  crystal lisable,  whereas  those  which  are  unable  to 
pass  through  the  membrane  are  amorphous.     He  thus  divided  all 
svibstances  into  crystalloids  and  colloids  (from  KoXKa,  glue),  and 
founded  upon  the  above  observations  a  method  of  separating  these 
two  classes  of  substances.     This  method,  to  which  he  gave  the 
name  of  dialysis,  is  carried  out  as  foUows :— A  piece  of  bladder  or 
parchment  paper  is  tied  tightly  over  the  bottom  of  a  glass  cybnder 
open  at  both  ends.    The  liquid  to  be  dialysed  is  poured  mto  the 
cylinder  so  as  to  rest  on  the  membrane,  the  lower  surface  of  which 
is  kept' in  contact  with  water.     The  crystallisable  substance 
diffuses  frSely  tlirough  the  membrane  and  mixes  with  the  water, 
whilst  the  colloid  remains  in  the  cyUnder.     By  constantly  chang- 
ing the  external  water,  a  pure  solution  of  the  colloid  may  be 

ultimately  obtained. 

The  explanation  of  the  phenomenon  is  as  foUows  :-The  porous 
membrane,  although  itself  insoluble,  takes  up  water.    This  may  be 
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shown  by  the  great  increase  in  bulk  which  a  piece  of  bladder 
undergoes  when  placed  in  water.  Through  the  medium  of  this 
absorbed  water  the  molecules  of  the  crystalloid  are  enabled  to 
diffuse.  It  is  possible  that  the  molecules  of  colloids,  on  the  other 
hand,  are  much  larger,  or  are  aggregated  into  small  masses,  so  that 
they  are  unable  to  pass  through  the  pores  of  the  membrane. 

The  membrane  must  itself  be  a  colloid.  Dialysis  has  been 
performed  with  an  artificial  membrane  of  amorphous  silicic  acid. 

Diffusion  of  (?ases.— Gases  may  diffuse  either  freely  into  each 
other,  as  in  the  experiment  already  mentioned,  or  through  very  fine 
openings.  A  porous  diaphragm  of  gypsum  or  compressed  graphite 
constitutes  a  system  of  such  fine  openings.  Owing  to  the  exceed- 
ingly small  dimensions  of  the  molecules  of  a  gas,  they  pass  through 
the  pores  of  such  a  diaphragm  almost  unimpeded.  The  law  of  free 
diffusion,  and  of  diffusion  through  diaphragms,  is  the  same,  and 
may  be  stated  to  be  as  follows :  The,  velocities  of  difficsion  of  any 
two  gases  are  inversely  as  the  square  roots  of  their  densities.  Thus 
the  densities  of  hydrogen  and  oxygen  are  as  1  :  16,  and  their 
velocities  of  difi'usion  are  as  4:1.  The  kinetic  theory  of  gases 
informs  us  that  the  mean  velocities  of  the  molecules  of  any  two 
gases  are  inversely  proportional  to  the  square  roots  of  their  densi- 
ties. The  above  law  may  therefore  also  be  expressed  :  The  veloci- 
ties of  diffusion  of  any  two  gases  are  directly  as  the  mean  velocities  of 
their  molecules.  The  extreme  velocity  with  which  hydrogen 
diffuses  may  be  well  shown  by  the  following  experiment :  A  tube, 
closed  at  the  upper  end  with  a  tliin  plate  of  gypsum,  is  filled  with 
hydrogen,  and  the  lower  end  is  plunged  into  water.  Since  the 
hydrogen  passes  out  through  the  pores  of  the  gypsum  much  more 
rapidly  than  the  air  can  enter,  the  water  rises  in  the  tube. 

The  degree  of  agreement  between  theory  and  experiment  for 
the  above  law  will  be  seen  from  the  following  table,  which  con- 
tains determinations  of  the  velocities  of  difi'usion  of  some  of  the 
commoner  gases.  In  these  experiments  the  gas  to  be  examined 
was  contained  in  a  tube,  closed  at  one  end  with  a  porous  plug  of 
gypsum,  and  at  the  other  with  mercury  or  water,  according  to  the 
nature  of  the  gas.  The  quantity  of  the  gas  which  escaped  through 
the  porous  diaphragm,  and  the  quantity  of  air  which  entered,  were 
carefully  determined.  In  this  way  it  was  found  that  if  the  density 
of  a  given  gas,  referred  to  air  as  unity,  be  d,  then  the  volume  of 
this  gas  which  diffuses  in  the  same  time  as  one  volume  of  air,  is 
equal  to  y/l,  as  expressed  in  the  foregoing  law.    This  calculated 
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value  is  given  in  the  third  column,  and  the  observed  volume  in  the 
fourth  column,  of  the  table : — 


Name  of  gas. 

Density  of 
eas  =  d, 
(Air=]..) 

VI 

Volume  of  gas 
wliich  diffused  in 
the  same  time  as 
one  volume  of  air 

0  -0694 

3 

7947 

3-83 

0-555 

1 

3414 

1-344 

0-972 

1 

-0140 

1 -0191 

0-972 

1 

-0140 

1 -0149 

0-972 

1 

-0140 

1 -0143 

1-111 

0 

-9487 

0 -9487 

1  -1805 

0 

-9204 

0-95 

1-527 

0 

-8091 

0-82 

1-527 

0 

-8091 

0-812 

2-222 

0 

-6708 

0-68 

CHAPTER  XX. 

CRYSTALLOGRAPHY. 


When  a  solid  separates  from  its  solution,  or  when  a  fused  or 
vaporous  substance  solidifies,  the  molecules  frequently  arrange 
themselves  in  definite  geometrical  forms,  known  as  crystals.  A 
crystal  is  a  polyhedi^on,  more  or  less  symmetrical,  bounded  by 
plane  surfaces  which  intersect  at  definite  angles.  Crystals  possess 
not  only  external,  but  also  internal  structure,  their  internal 
structure  frequently  causing  them  to  exhibit  a  definite  cleavage 
parallel  to  certain  faces  of  the  crystal.  Mica,  calcite,  and  fluor- 
spar are  instances  of  very  perfect  cleavage.  As  some  of  the  faces  of 
a  crystal  are  generally  impeded  in  their  growth,  crystals  seldom 
attain  to  their  ideal,  or  symmetrical  development ;  but  as  the  faces 
always  grow  in  planes  parallel  to  themselves,  the  value  of  the 
angles  remains  constant.  In  measurements  of  crystals,  it  is  con- 
sequently only  the  value  of  the  angles  which  is  regarded,  and  from 
these  the  ideal  form  of  the  crystal  may  be  constructed  by  geome- 
trical methods. 

Substances  which  thus  spontaneously  assume  definite  external 
form,  are  said  to  be  crystallised.  Those  solids  which  are  devoid  of 
all  crystalline  structure  are  termed  amorplwus.  Glass  and  resm  are 
instances  of  amorphous  bodies. 
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The  crystalline  form  assumed  by  a  substance  may  be  either 
simple  or  compound,  according  as  the  faces  are  of  one,  or  of  more 
than  one  kind.  Every  compound  form  may  be  resolved  into  the 
two  or  more  simple  forms  of  which  it  is  compounded. 

In  a  compound  crystal,  the  form  which  possesses  the  largest 
faces,  and  which  consequently  determines  the  character  of  the 
crystal,  is  termed  the  dominant  form ;  the  others  are  the  sitbordi- 
nate  forms. 

The  various  simple  forms  which  occur  in  any  compound  crystal 
belong  to  one  and  the  same  system.  Six  systems  of  crystals  are 
recognised,  and  to  one  or  other  of  these  all  crystals  may  be  referred. 
These  systems  are  distinguished  according  to  the  mode  of  arrange- 
ment of  certain  imaginary  lines  or  axes,  which  intersect  and  bisect 
each  other  in  one  point,  and  are  supposed  to  be  drawn  between  two 
opposite  solid  angles,  or  between  the  central  points  of  two  opposite 
surfaces  or  of  two  opposite  edges  of  the  crystal. 

The  following  is  a  list  of  the  various  systems,  with  the  arrange- 
ment of  the  axes  peculiar  to  each : — 

1.  The  regular  system.  Three  equal  axes,  intersecting  at  right 
angles. 

2.  The  quadratic  system.  Three  axes  intersecting  at  right 
angles.  Two  of  the  axes  are  equal ;  the  third  is  longer  or  shorter 
than  the  other  two,  and  is  termed  the  principal  axis. 

3.  The  rhombic  system.  Three  unequal  axes  intersecting  at 
right  angles.  - 

4.  The  monoclinic  system.  Three  unequal  axes.  Two  intersect 
obliquely,  and  the  third  is  perpendicular  to  their  plane.  ■ 

5.  The  triclinic  system.  Three  unequal  axes  which  intersect 
obliquely. 

6.  The  hexagonal  system.  This  system  has  "four  axes.  -  Three 
equal  axes  lie  in  one  plane  and  intersect  at  angles  of  60° ;  the 
fourth,  or  principal  axis,  is  longer  or  shorter,  and  is  perpendicular 
ts  this  plane. 

In  each  system,  that  form  of  crystal,  in  which  the  faces  inter- 
sect all  three  axes  at  their  normal  length,  is  known  as  the  funda- 
mental form.  In  the  first  five  systems,  the  fundamental  form  is 
an  octahedron,  differing  for  each  system  ;  in  the  sixth,  or  hexagonal 
system,  it  is  a  dihexahedron,  or  double  six-sided  pyramid.  All 
other  forms  which  occur  in  a  system,  are  derived  from  the  funda- 
mental form  by  variation  of  the  relative  lengths  of  the  axes.  A 
very  simple  law  governs  this  variation.    If  the  half  lengths  of 


126 


INORGANIC  CHEMISTRY. 


the  three  axes  be  represented  by  a,  i  and  c  respectively,  then  these 
three  values  will  express  the  distances  from  the  point  of  intersec- 
tion of  the  axes  at  which  the  axes  are  cut  by  any  plane  which  can 
constitute  one  of  the  faces  of  the  fundamental  form.  The  funda- 
mental form  is  therefore  designated  by  the  ratio,  a:b:c.  In  the 
derived  forms,  either  one  or  two  of  these  values  may  be  varied  by 
some  rational  multiple,  which  may  be  either  an  integer  or  a  fraction, 
but  will  seldom  be  complex :  thus  derived  forms  may  occur  in 
which  the  ratio  of  the  semi-axes  is,  a  :  2h  :  2c,  ov  a  :  b  :  3c,  or 
a:^b:  \c,  or  any  other  ratio  derived  by  some  such  simple  process 
from  the  ratio  of  the  fundamental  form. 

1.  Begular  System. — The  fundamental  form  is  the  regular  octa- 
hedron (Fig.  2).  This  form  is  enclosed  by  eight  equilateral  tri- 
angles; it  has  twelve  equal  edges,  with  an  angle  of  109°  28'  16",. 
and  six  equal  four-plane  solid  angles.  The  three  equal  and  right- 
angled  axes  terminate  in  the  solid  angles.  The  ratio  for  this  form 
is  a :  a  :  a.    (Examples :  alum,  magnetic  iron  ore) 


Fig.  2.  Fig.  3. 


A  second  form  of  the  regular  system  is  the  cube  (Fig.  3).  It 
has  six  equal  square  faces,  twelve  equal  right-angled  edges,  and 
eight  equal  three-plane  solid  angles.  The  three  equal  and  right- 
angled  axes  terminate  in  the  centres  of  the  faces.  Each  face  con- 
sequently intersects  one  axis  at  its  normal  half-length  a,  and  lips 
parallel  to  the  other  two  axes,  or,  as  this  is  expressed  in  crystaUo- 
graphical  terminology,  intersects  them  at  an  infinite  distance.  The  , 
ratio  of  this  form  is  therefore  a  :  co  :  oo.  In  combination  the  octa-  i 
hedron  cuts  off  the  solid  angles  of  the  dominant  cube ;  and  the 
cube  cuts  off  the  solid  angles  of  the  dominant  octahedi>on.  (Ex- 
amples of  cube :  roch  salt,  fluorspar) 

A  third  form  is  the  rhombic  dodecahedron  (Fig.  4).  It  has 
twelve  equal  rhombic  faces,  twenty-fom-  equal  edges  with  angles 
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of  120°,  eight  equal  three-plane  solid  angles  (corresponding  in  posi- 
tion to'  the  solid  angles  of  the  cnhe),  and  six  equal  four-plane 
solid  angles  (cori-esponding  to  those  of  the  octahedron).  The 
three  equal  and  right-angled  axes  terminate  in  the  four-plane  solid 
angles.  Each  face  intersects  two  of  the  semi-axes  at  the  normal 
distance  a;  the  third  at  an  infinite  distance.  The  ratio  of' 
this  form  is  therefore  a  :  a  :  co.  (Example :  garnet.)  In  combi- 
nation, the  dodecahedron  cuts  off  the  edges  of  the  octahedron  and 
of  the  cube;  whilst  the  cube  cuts  off  the  four-plane  solid  angles, 
and  the  octahedron  the  three-plane  solid  angles  of  the  dodeca- 
hedron. 


Fig.  4. 


Fig.  5. 


Eemihedral  Forms  of  the  Regular  System. — Hemihedral  forms  are- 
such  as  would  be  generated  by  supposing  the  alternate  faces  of  a 
crystal  to  extend  till  the  other  alternate  faces  disappear.  In  this 
way  the  regular  tetrahedron  (Fig.  5)  may  be  developed  from  the- 
octahedron.  (In  the  figure  the  octahedron  is  drawn  inside  the 
tetrahedron.)  In  combination  with  a  dominant  cube,  the  tetra- 
hedron cuts  off  alternate  solid  angles  of  the  cube,  as  in  the  case  of 
the  mineral  loracite. 

2.  Quadratic  System. — The  fundamental  form  of  this  system  is, 
the  quadratic  octahedron  or  double  four-sided  'pyramid  with  square 
base  (Fig.  6).  It  is  enclosed  by  eight  isosceles  triangles,  through 
the  vertices  of  which  the  principal  axis  passes.  The  edges  are  of 
two  kinds,  vertical  and  lateral ;  the  vertical  and  lateral  solid  angles- 
are  also  distinct.    (Example :  copper  pyrites) 

Another  form  is  the  prism  of  the  first  order,  the  four  faces  of 
which  intersect  the  two  secondary  axes  at  the  normal  distance  and 
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lie  parallel  to  the  principal  axis.  This  prism  is  enclosed  at  both 
ends,  either  by  a  terminal  plane  which  intersects  the  principal  axis 
at  right  angles,  or  by  the  quadratic  octahedron,  as  in  Fig.  7. 


Fig.  6.  Fia.  7. 


3.  Eliomlic  System. — The  fundamental  form  is  the  rhombic 
•octahedron,  or  double  four-sided  pyramid  with  rhombic  base  (Fig.  8). 
It  is  enclosed  by  eight  scalene  triangles.  The  edges  are  of  three 
kinds,  and  there  are  also  three  kinds  of  solid  angles.  In  this 
system  there  are  three  prisms,  which  run  parallel  to  the  three  axes. 
That  which  is  parallel  to  the  longest  or  ^Drincipal  axis,  is  termed 
the  prism,  and  is  placed  vertically;  the  other  two,  which  are 
parallel  to  the  two  secondary  axes,  are  termed  domes,  and  cross  each 
otheH  at  right  angles  in  the  horizontal  plane.  There  are  also  three 
different  terminal  planes,  which  are  respectively  perpendicular  to 
the  three  axes.  Sulphur,  either  native  or  crystallised  from  solu- 
tions, belongs  to  the  rhombic  system. 


Fin.  R.  FiO-  9- 
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the  pyramid  is  inclined  obliquely  to  the  base.  This  is,  however,  a 
•compound  form,  as  it  is  composed  of  two  distinct  sets  of  four  faces 
•each,  one  of  which  sets  frequently  occurs  in  combination  without 
the  other.  There  is,  in  fact,  in  this  system  no  single  form  which 
can  enclose  space.    (Examples :  gypsum,  hornblende.) 

5.  Triclinic  System. — In  this  system,  parallel  and  opposite  pairs 
of  faces  only  are  equal.  The  octahedron  (Fig.  10)  is  therefore  a 
'Combination  of  four  pairs  of  faces,  any  of  which  pairs  may  occur 
in  compound  forms  without  the  others.  This  is  the  least  sym- 
metrical of  all  the  systems.    Oupric  sulphate  is  triclinic. 


Fig.  10.  Fig.  li. 


6.  Hexagonal  System. — The  fundamental  form  is  the  double  six- 
sided  pyramid  (Fig.  11).  It  is  enclosed  by  twelve  isosceles 
triangles,  of  which  the  vertices  terminate  in  two  groups  of  six  each 
in  the  ends  of  the  principal  axis.  The  lateral  edges  form  a  regular 
hexagon.  Fig.  12  shows  this  form  in  combination  with  the  hexa- 
gonal prism  of  the  first  order  as  it  occurs  in  quartz. 


Fig.  12. 


Fig.  13. 
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The  most  important  of  the  hemihedral  forms  of  the  hexagonal 
system  is  the  rhovibohedron,  which  is  derived  from  the  double  six- 
sided  pyramid  by  the  development  of  alternate  faces.    Fig.  13 
shows  the  principal  rhombohedron  of  calcite.    The  rhombohedron 
is  enclosed  by  six  rhombic  faces.    It  has  six  vertical  edges,  which 
unite  in  two  groups  of  three  each  in  the  ends  of  the  principal 
axis  ;  and  six  lateral  edges,  which  form  a  zig-zag  line  round  the 
crystal,  and  in  the  middle  points  of  which  the  secondary  axes 
terminate.    The  sum  of  the  angles  of  a  lateral  and  a  vertical  edge 
is  always  equal  to  two  right  angles. 
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WEIGHTS  AND  MEASURES. 


The  weights  and  measures  employed  in  this  book  are  chiefly  those 
of  the  French  decimal  system,  founded  upon  the  metre,  wliich  is- 
— L_th  part  of  a  quadrant  of  a  great  terrestrial  circle.  The  foUow- 
ino-Tables,  published  by  Messrs.  De  La  Eue  and  Co.,  will  enable 
the  student  to  convert  these  into  their  English  equivalents  when- 
ever it  may  be  necessary. 

French  Measures  of  Length. 


Millimetre  .. 
Centimetre  .. 
Decimetre ... 

Metre  

Decametre... 
Hectometre. 
Kilometre  ... 
Myriometre. 


In  English 
inches. 


In  English 
feet  =  12 
inches. 


0-03937 
0-39.371 
3  -93708 
39  -37079 
393  -70790 
3937  -07900 
39370  -79000 
393707 -90000 


0  -003281 
0  -032809 
0  -328090 
.    3  -280899 
32  -808992 
328  -089920 
3280  -899200 
32808  -992000 


In  English 
yards  =  3  feet. 


0  -0010936 

0  -0109363 
0-1093633 

1  -0936331 
10-9363310 

109-3633100 
1093 -6331000 
10936  -3310000 


In  English 
fathoms  -  6 
feet. 


0  -0005468 
0 -0054682 
0-0546816 
0-5468165 
5-4681655 
54-6816550 
546  -8165500 
5468-1655000 


In  English 
miles  = 
1760  yards. 


0 -0000006 
0 -0000062 
0 -0000621 
0-0006214 
0 -0062138 
0-0621382 
0 -6213824 
6 -2138244 


1  inch  =  2-539954  centimetres. 
1  foot  =  3-0479449  decimetres. 


1  yard  =  0  -9143835  metre. 
1  mile  =  1  -6093149  kilometre. 


WEIGHTS  AND  MEASURES. 


French  Measures  of  Siorface. 


In  English 
square  feet. 

In  English 
square  yards 
=  9  square 
feet. 

In  English 
poles  = 
272-25  sq. 
feet. 

In  English 

roods  = 
10890  square 
feet. 

In  English 
acres  = 
43560  square 
feet. 

Centiare  or  sq.  metre... 
Are  or  100  sq.  metres... 
Hectare  or  10,000  sq.  | 

10  -764299 
1076  -429934 

107642  -993418 

1  -196033 
119-603326 

11960  -332602 

0-0395383 
3  -9538290 

395  -3828959 

0  -0009885 
0-0988457 

9  -8845724 

0-0002471 
0-0247114 

2-4711431 

1  square  inch  =  6  -4513669  square  centimetres. 

1  square  foot  =  9  -2899683  square  decimetres. 

1  square  yard  =  0  -83609715  square  metre,  or  centiare. 

1  acre  =  0  -40467102  hectare. 


French  Measures  of  Capacity. 


In  cubic 

In  pints  = 

In  gallons 

In  bushels 

In  cubic 

feet  = 

34-65923 

=  8  pints 

=  8  gallons 

inches. 

1728  cubic 

cubic 

=  277  -27384 

=  2218-19075 

inches. 

inches. 

cubic  inches. 

cubic  inches. 

0-06103 

0  -000035 

0-00176 

0 -0002201 

0-0000275 

0 -61027 

0  -000353 

0-01761 

0-0022010 

0  -0002751 

6-10271 

0  -003532 

0  -17608 

0  -0220097 

0  -0027512 

61  -02705 

0-035317 

1  -76077 

0 -2200967 

0-0275121 

610-27052 

0-3-S3166 

17-60773 

2  -2009668 

0  -2751208 

6102  -70515 

3-531658 

176  -07734 

22  -0096677 

2-7512085 

61027  -05152 

35  -316581 

1760  -77341 

220  -0966767 

27  -5120846 

610270  -51519 

353-165807 

17607-73414 

2200-9667675 

275-1208459 

MiUilitre  or  cubic  centi-\ 

metre  / 

Centilitre  or  10  cubic  cen-> 

timetres  j 

Decilitre  or  100  cubic  cen--^ 

timetres  j 

Litre  or  cubic  decimetre  .... 

Decalitre  or  centistere  

Hectolitre  or  decistere  

Kilolitre,    or    stere,  or) 

cubic  metre  j 

MyrioUtre  or  decastere  


1  cubic  inch  =  16  -386176  cubic  centimetres. 

1  cubic  foot  =  28  -31 5312  cubic  decimetres,  or  litres. 

1  gallon       =   4  -543358  Utres. 


French  Measures  of  Weight. 


In  English 
grains. 

In  troy 
ounces  = 
480  grains. 

In  avoirdu- 
pois lbs.  = 
7000  grains. 

In  cwts.  = 
112  lbs.  = 
784000  grains. 

Tons  - 
20  cwts.  = 
15680000  grs. 

Milligram   

Decagram  

Hectogram  

Myriogram   

0  -01543 

0  -15432 

1  -54323 
15  -43235 

154  -32349 
1543  -23488 
1.5432-34880 
154323  -48800 

0  -000032 
0  -000322 
0-003215 
0-032151 
0-321507 
3  -215073 
32-160727 
321  -507267 

0  -0000022 
0  -0000220 
0  -0002205 
0  -0022046 
0  -0220462 
0  -2204621 
2  -2046213 
22  -0462126 

0  -0000000 
0  -0000002 
0  -0000020 
0  -0000197 
0-0001968 
0  '0019684 
0-0196841 
0  -1968412 

0 -0000000 
0 -0000000 
0 -OOOOOOI 
0  -0000010 
0 -0000098 
0 -0000984 
0 -0009842 
0 -0098421 

1  troy  oz.  =  31  -103496  grams. 


1  lb.  avoir.  =  0  -453593  kilogr. 
1  cwt.         =  50  -802377  kilogrs. 


Temperatures  are  expressed  upon  the  Centigrade  scale,  and 
barometric  measurements  are  given  in  millimetres. 

For  the  ready  conversion  of  gaseous  volumes  into  weights,  the 
crith,  or  standard  multiple  proposed  by  A.  W.  Hofmann,  has  been 
adopted  in  the  present  work.    The  crith  is  the  weight  of  one  litre 
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or  cubic  decimetre  of  hydrogen  at  0°  C.  and  at  a  pressure  of  760 
millimetres  of  mercviry.  The  following  is  Hofmann's  description  of 
the  value  and  applications  of  this  unit. 

"  The  actual  weight  of  this  cube  of  hydrogen,  at  the  standard 
temperature  and  pressure  mentioned,  is  0*0896  gram;  a  figure 
which  I  earnestly  beg  you  to  inscribe,  as  with  a  sharp  graving 
tool,  upon  your  memory.  There  is  probably  no  figure  in  chemical 
science  more  important  than  this  one  to  be  borne  in  mind,  and  to 
be  kept  ever  in  readiness  for  use  in  calculation  at  a  moment's 
notice.  For  this  litre-weight  of  hydrogen  =  0"0896  gram  (I 
purposely  repeat  it)  is  the  standard  multiple,  or  coefficient,  by 
means  of  which  the  weight  of  one  litre  of  any  other  gas,  simple  or 
compound,  is  computed.  Again,  therefore,  I  say,  do  not  let  slip 
this  figure — 0'0896  gram.  So  important,  indeed,  is  this  standard 
weight  unit,  that  some  name — the  simpler  and  briefer  the  better — 
is  needed  to  denote  it.  For  this  purpose  I  venture  to  suggest  the 
term  crith,  derived  from  the  Greek  word  KpkOrj,  signifying  a  barley- 
corn, and  figuratively  employed  to  imply  a  small  weight.  The 
weight  of  1  litre  of  hydrogen  being  called  1  crith,  the  volume- 
weight  of  other  gases,  referred  to  hydrogen  as  a  standard,  may  be 
expressed  in  terms  of  this  unit, 

"  For  example,  the  relative  volume-weight  of  chlorine  being 
35-5,  that  of  oxygen  16,  that  of  nitrogen  14,  the  actual  weight  of 
1  litre  of  each  of  these  elementary  gases,  at  0°  C.  and  O'^-Ye  pres- 
sure, may  be  called  respectively  35-5  criths,  16  critlis,  and  14 
criths. 

"  So,  again,  with  reference  to  the  compound  gases,  the  relative 
volume- weight  of  each  is  equal  to  half  the  weight  of  its  product- 
volume.  Hydrochloric  acid  (HCl),  for  example,  consists  of  1  vol.  of 
hydrogen  4-  1  vol.  of  chlorine  =  2  volumes  ;  or,  by  weight,  1  -I-  35-5 
=  36-5  units ;  whence  it  follows  that  the  relative  volume-weight 
of  hydrochloric  acid  gas  is  '-^  =  18-25  units;  which  last  figure 
therefore  expresses  the  number  of  criths  wliich  one  litre  of  hydro- 
chloric acid  gas  weighs  at  0°  C.  temperature  and  0'°-76  pressure  ; 
and  the  crith  being  (as  I  trust  you  already  bear  in  mind)  0-0896 
gram,  we  have 

18-25  X  0-0896  =  1-6352 

as  the  actual  weight  in  grams  of  hydrochloric  acid  gas. 

"  So,  once  more,  as  the  product-volume  of  water-gas  (HjO) 
(taken  at  the  above  temperature  and  pressure)  contains  2  vols,  of 
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hydrogen  +  1  vol.  of  oxygen,  and  therefore  weighs  2  +  16  =  18 
units,  the  single  volume  of  water-gas  weighs  "  =  9  units  ;  or,  sub- 
stituting as  before  the  concrete  for  the  abstract  value,  1  litre  of 
water-gas  weighs  9  criths;  that  is  to  say,  9  x  0'0896  gram,  =0"8064 
gram. 

In  like  manner  the  product-volume  of  sulphuretted  hydrogen 
(H2S)  =  2  litres  of  hydrogen,  weighing  2  criths,  -f-  1  litre  of  sul- 
phur gas,  weigliing  32  criths,  together  2  -f-  32  =  34  criths,  which, 
divided  by  2,  gives  f  =  17  criths  =  17  x  0-0896  gram  =  1-5232 
gram  =  the  weight  of  1  litre  of  sulphuretted  hydrogen  at  standard 
temperature  and  pressure. 

"  And  so,  lastly,  of  ammonia  (]N"H3),  it  contains  in  2  litres 
3  litres  of  hydrogen,  weighing  3  criths,  and  1  litre  of  nitrogen, 
weighing  14  criths;  its  total  product  volume-weight  is  therefore 
3  +  14  =  17  criths,  and  its  single  volume  or  litre -weight  is  conse- 
quently 

=  8-5  criths  =  8*5  x  0-0896  gram  =  0-761&  gram. 

"Thus,  by  the  aid  of  the  hydrogen-litre- weight,  or  crith 
=  0-0896  gram,  employed  as  a  common  multiple,  the  actual  or 
concrete  weight  of  1  litre  of  any  gas,  simple  or  compound,  at 
standard  temperature  and  pressure,  may  be  deduced  from  the 
mere  abstract  figure  expressing  its  volume-weight  relatively  to 
hydrogen." 

The  number  expressing  in  criths  the  weight  of  1  litre  of  any 
gas  or  vapour  being  identical  with  its  specific  gravity  compared 
with  hydrogen  taken  as  unity,  it  is  easy,  when  this  number  is 
known,  to  calculate  the  specific  gravity  of  the  gas  compared  with 
air  taken  as  unity.  For  this  purpose  it  is  only  necessary  to  multiply 
by  -0693,  which  is  the  specific  gravity  of  hydrogen  compared 
with  air  =1. 

Thus  the  specific  gravity  of  oxygen  compared  with  air  is 
16  X  -0693  =  1-1088; 

of  chlorine, 

35-5  X  -0693  =  2-46015; 

of  hydrochloric  acid, 

18-25  X  -0693  =  1-264725. 
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CHAPTER  XXII. 

MONAD  ELEMENTS. 

Section  I. 

HYDROGEN,  H^. 

Atomic  weight  =  1.  MoUmlar  weight  =  2.  Molecular  volume 
f~n-  1  litre  weighs  1  crith.  Atomicity  ',  being  the  standard  of 
comparison.  Liquefies  at  —  140°  %mder  a  pressure  of  650  atmo- 
spheres. 

Eistory. — Paracelsus,  in  the  sixteenth  century,  first  noticed  that 
when  iron  is  dissolved  in  sulphuric  acid  a  gas  is  evolved,  which 
he,  however,  assumed  to  be  air.  Hydrogen  was  first  thoroughly 
investigated  by  Cavendish  in  1766,  who  gave  to  it  the  name  of 
inflammable  air. 

Occurrence.— In  the  free  state,  hydrogen  occurs  in  the  gases  of 
volcanoes  (Bunsen).  It  is  also  evolved  in  small  quantities  during 
the  fermentation  and  spontaneous  decomposition  of  animal  and 
vegetable  matters,  and  is  therefore  present  in  the  intestinal  gases 
of ''some  animals,  and  in  the  gases  which  issue  from  petroleum 
springs.  It  occurs  enclosed  in  the  carnallite  of  the  Stassfurt  potash 
mines,  where  it  appears  to  have  been  formed  by  the  action  of 
ferrous  chloride  upon  water  in  absence  of  air  :— 

6FeCl2  +  6OH2  =  2Pe2Cl6  +  Fe^Hog  +  SH^. 

Ferrous         Water.  Ferric  Ferric 

chloride.  chloride.  hydrate. 

It  has  been  found  occluded  in  meteoric  iron  (Graham).  Spectro- 
scopic observation  shows  that  free  hydrogen  exists  inthesun,_m 
certain  stars,  and  in  nebulae,  the  temperature  of  these  bodies  being 
too  high  to  permit  of  the  union  of  the  hydrogen  with  other 
elements. 
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In  combination,  hydrogen  occurs  in  enormous  quantities  m 
nature  Water  contains  hydrogen  (one-ninth  of  its  weight),  and 
from  this  fact  the  name  hydrogen  (from  (JScop,  water;  and  r^evvaa> 
I  bring  forth)  is  derived.  In  smaU  quantities  it  occurs  combined 
with  iStrogen  as  ammonia  in  the  air ;  whilst  with  sulphur,  as  sul- 
phui-etted  hydrogen,  and  with  clilorine,  as  hydrocliloric  acid,  it  is 
found  in  mineral  and  volcanic  springs.  It  is  an  important  con- 
stituent of  nearly  aU  animal  and  vegetable  substances,  and  occurs 
in  many  minerals. 

Preparation. — 1.  Hydrogen  is  obtained  in  a  state  of  purity  by 
the  electrolysis  of  acidulated  water  (see  Electrolysis).  The  most 
convenient  apparatus  for  this  purpose  is  that  devised  by  Bunsen 
(Fig.  14).  The  internal  vessel  ah,  is  fiUed  up  to  the  bend  of  the 
tube  cl  with  dilute  sulphuric  acid  (1  volume  of  chemically  pure 


Fig.  14. 


sulphuric  acid  to  1 0  volumes  of  water).  The  positive  electrode  1 
consists  of  an  amalgam  of  mercury  and  zinc,  which  is  not  attacked 
by  the  acid  except  when  the  current  is  passing.  A  platinum  plate, 
c,  forms  the  negative  electrode.    The  connecting  wires  are  fused 


136 


INORGANIC  CHEMISTRY. 


through  the  glass.  The  whole  is  enclosed  in  an  outer  vessel,  ee, 
filled  with  alcohol  to  prevent  the  wires  from  being  heated  by  the 
passage  of  the  current,  which  is  generated  by  two  or  three  Bunsen's 
or  Grove's  cells.  The  oxygen  which-  would  otherwise  be  given  off' 
at  I,  combines  with  the  zinc  to  form  ziacic  oxide,  which  dissolves 
in  the  sulphuric  acid.  A  stream  of  pure  hydrogen  is  evolved  at 
and  is  dried  by  passing  through  concentrated  sixlphuric  acid  con- 
tained in  the  bulbs  /.  A  concentrated  solution  of  zincic  sulphate 
collects  over  the  positive  electrode,  but  this  may  be  removed  by 
pouring  in  fresh  liquid  at  a,  which  will  cause  the  saturated  solution 
to  flow  off  at  d. 

2.  Potassium  and  sodium  decompose  water  at  ordinary  tempera- 
tures with  evolution  of  hydrogen — 

2OH2  +  Na^  =  20E'aH  +  Hj. 
Water.  Sodic 
hydrate. 

In  the  case  of  potassium,  the  action  takes  place  with  such 
violence  and  evolution  of  heat  as  to  ignite  the  hydrogen.  The 
safest  mode  of  performing  the  experiment  with  sodium  is  to  enclose 
the  metal  in  a  short  piece  of  lead  tubing,  a  (Fig.  15),  inch 


Fig.  15. 
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in  diameter,  hammered  together  at  one  end.  The  sodium  is  tightly 
rammed  into  the  tube,  which  is  then  thrown  into  water.  The 
weight  of  the  lead  causes  the  sodium,  which  is  specifically  lighter 
than  water,  to  sink.  The  gas  is  steadily  evolved  from  the  open 
end  of  the  tube,  and  may  be  collected  in  an  inverted  glass- 
cylinder  h,  previously  filled  with  water.  The  usual  method  of 
performing  the  experiment,  by  throwing  the  sodium  on  water  and 
pressing  it  under  the  mouth  of  the  inverted  cylinder  by  means  of 
a  small  net  of  wire  gauze,  is  not  unattended  with  danger,  owing  to 
the  escape  of  globules  of  sodium  through  the  meshes  of  the  gauze  ; 
for  when  sodium  decomposes  water  in  a  confined  space,  it  sometimes 
occasions  a  violent  explosion. 

3.  Very  pure  hydrogen  may  be  obtained  by  dissolving  magne- 
sium in  dilute  sulphuric  acid.  The  method  of  applying  this 
reaction  is  the  same  as  that  described  in  the  following  paragraph : — 

4.  Hydrogen  is  most  conveniently  prepared  for  laboratory  pur- 
poses by  acting  on  zinc  with  sulphuric  acid — 

SO2H0.2  +  Zn  =  SO^Zno"  + 

Sulphuric  Zincic 
acid.  sulphate. 

The  zinc  is  previously  granulated  by  melting  it  and  pouring  it 
into  water.  The  sulphuric  acid,  diluted  with  six  or  seven  times  its. 
weight  of  water,  is  poured  through  the  funnel  tube  a  (Fig.  16)  upon 

Fig.  16. 
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the  zinc  contained  in  the  flask.    The  gas  is  washed  by  allowing  it 
to  bubble  through  the  water  in  the  Woulff's  bottle,  l,  and  may  be 
collected  in  cylinders  or  bell-jars  over  the  pneumatic  trough.  In 
this,  and  in  all  other  methods  of  preparing  hydrogen,  it  is  necessary, 
if  the  gas  is  to  be  inflamed,  to  be  perfectly  certain  that  all  air  has 
first  been  expelled  from  the  apparatus  by  the  evolved  gas.    This  is 
best  ascertained  by  collecting  a  small  quantity  in  a  test-tube  over 
water  and  igniting  it,  the  tube  being  held  mouth  downwards.  If 
the  gas  burns  quietly,  the  air  has  been  sufficiently  expeUed ;  if  it 
takes  fire  with  a  slight  explosion,  the  evolution  of  gas  must  be  con- 
tinued.   Neglect  of  these  precautions  may  lead  to  very  dangerous 
explosions.    Hydrogen  prepared  by  this  method  is  apt  to  be  con- 
taminated with  the  following  impurities :  arseniuretted  hydrogen, 
if  the  zinc  or  sulphuric  acid  contains  arsenic ;  nitrous  and  nitric 
oxides,  if  nitric  acid  is  present  in  the  sulphuric  acid ;  phosphoretted 
hydrogen,  if  the  zinc  contains  phosphorus ;  sulphuretted  hydrogen 
or  sulphurous  anhydride,  if  hot  acid  be  added  to  the  zinc.  These 
impurities  impart  an  unpleasant  odour  to  the  gas.    In  order  to 
remove  them,  Dumas  passes  the  gas  through  two  U-tubes,  filled 
with  broken  glass,  which  is  moistened  in  the  first  tube  with 
plumbic  nitrate,  to  absorb  sulphuretted  hydrogen,  and  in  the 
second  with  argentic  sulphate,  to  absorb  arseniuretted  and  phospho- 
retted hydrogen.    The  gas  then  passes  through  a  third  U-tube 
filled  with  pumice  moistened  with  strong  caustic  potash ;  and  then, 
in  order  to  dry  it  thoroughly,  first  through  a  tube  containing  calcic 
chloride,  and  afterwards  through  one  filled  with  phosphoric  anhy- 
dride.*   Hydrogen,  no  matter  how  prepared,  is  apt  to  contain 
traces  of  nitrogen,  derived  in  part  from  tbe  nitrogen  dissolved  in 
the  liquids  employed,  but  chiefly  introduced  by  diffusion  through 
the  joints  of  the  apparatus.  There  is  no  method  known  of  removing 
this  nitrogen.    Oxygen,  when  present  in  traces,  may  be  got  rid  of 
by  leaving  the  gas  in  contact  with  spongy  platinum,  which  causes 
the  hydrogen  and  oxygen  to  combine  to  form  water.  If  the  oxygen 
were  present  in  large  quantities,  the  introduction  of  spongy  plati- 
num would  occasion  an  explosion. 

Hydrochloric  acid  diluted  with  twice  its  weight  of  water  may 
he  substituted  for  dilute  sulphuric  acid  in  the  above  mode  of 
preparation — 

*  Tte  use  of  concentrated  sulphuric  acid  as  a  desiccating  agent  ouglit  to  be 
jivoided,  if  a  very  pure  gas  is  required,  as  hydi-ogen  slowly  reduces  this  acid  in  the 
«old  with  formation  of  sulphurous  anhydride. 
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2HC1  +  Zn  =  ZnCl2  + 

Hydrochloric  Zincie 
acid.  chloride. 

Iron  may  also  be  substituted  for  zinc — 

SO2H02  +  Fe  =  S02Feo"  +  H2 ;  » 

Sulphm-ic  acid.  Ferrous  sulphate. 

but  in  tliis  case  the  gas  has  an  unpleasant  odour,  occasioned  by  the 
presence  of  volatile  hydrocarbons  which  are  formed  from  the 
carbon  contained  in  the  iron.  These  may  be  absorbed  by  char- 
coal. 

5.  Wlien  hydrogen  is  required  in  very  large  quantities  for 
manufacturing  or  other  purposes,  it  is  best  prepared  by  passing 
steam  over  iron  turnings  or  wire  contained  in  an  iron  tube,  and 
beated  to  redness  in  a  furnace  (Fig.  17).    The  iron  combines  with 


Fig.  17. 


the  oxygen  of  the  water  to  form  triferric  tetroxide  (magnetic  oxide 
of  iron),  whilst  hydrogen  is  liberated  — 

3Fe  +  4OH2  =  i^(Pe3)^"04  +  4H2. 

Water.     Triferric  tetroxide. 
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The  tube  bcdeisoi  iron,  and  the  wider  portion,  which  contains 
the  turnings,  is  closed  at  c  and  d  by  iron  screws.  The  steam  is 
generated  m  the  flask  a,  and  the  hydrogen  is  collected  in  the  cylin- 
der/at the  pneumatic  trough. 

Charcoal  may  be  substituted  for  iron  turnings  in  the  foregoing 
experiment;  but  in  tlois  case  it  is  necessary  to  pass  the  gas  through 
slaked  lime  to  absorb  the  carbonic  anhydride  which  is  formed  at 
the  same  time — 

C  +  2OH2  =  CO2  +  2H2. 

Water.     Carbonic ' 
anhydride. 

^  If,  however,  the  temperature  be  raised  too  high,  carbonic 
oxide  will  be  formed ;  and  this  gas  cannot  be  removed  from  the 
hydrogen  by  any  process  practicable  on  a  large  scale.  It  is  very 
difficult,  if  not  impossible,  to  obtain  hydrogen  free  from  carbonic 
oxide  by  this  process. 

Further  Modes  of  Formation— 1.  When  sodium  is  heated  in 
gaseous  hydrochloric  acid,  it  combines  with  the  chlorine,  liberating 
hydrogen — 

2HC1  +  Nag  =  2^01  + 

Hydi'ochloric  Sodic 
acid.  chloride. 

2.  When  zinc  is  heated  with  a  solution  of  potassic  hydrate, 
preferably  in  contact  with  iron,  hydrogen  is  evolved.  The  zinc  dis- 
places the  hydrogen  of  the  potassic  hydrate — 

20KH  +  Zn  =  ZnKo2  +  H^. 

Potassic  Potassio 
•  hydrate.  zinc  oxide. 

3.  The  aqueous  solutions  of  the  salts  of  ammonia,  with  the 
exception  of  the  nitrate,  when  acted  upon  with  zinc,  evolve  hydro- 
gen. The  gas  is  given  off  even  at  ordinary  temperatures,  but  the 
evolution  is  more  rapid  at  40°.  With  a  mixture  of  zinc  and 
iron,  and  a  solution  of  an  ammonium  salt  containing  free  ammonia, 
hydrogen  is  evolved  as  rapidly  as  from  zinc  and  dilute  sulphuric 
acid  (Lorin). 

4.  On  heating  formates  or  oxalates  with  an  excess  of  a  caustic 
alkali,  hydrogen  is  given  off — 

CHOKo  +  HKo  =  COK02  +  H2. 

Potassic        Potassic  Potassic 
formate.        hydrate.  carbonate. 
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{cOKo  +  =  2COK02  +  H2. 

Potassic       Potassic  Potassic 
oxalate.        hydrate.  carbonate. 

Salts  of  several  other  organic  acids  also  evolve  hydrogen  under 
the  same  conditions. 

5.  By  the  action  of  intense  heat,  such  as  that  of  the  electric 
spark,  upon  steam,  the  latter  is  decomposed  into  its  elements, 
oxygen  and  hydrogen. 

6.  In  the  destructive  distillation  of  many  organic  substances 
containing  hydrogen,  tliis  gas  is  evolved,  partly  in  the  free  state 
and  partly  ia  the  form  of  hydrocarbons  and  other  organic  com- 
pounds. It  is  therefore  found  in  large  quantities  in  illuminatiag 
gas,  which  is  obtained  by  the  destructive  distillation  of  coal,  oil,  or 


resin 


Properties. — Hydrogen  is  a  colourless  gas,  devoid  of  taste  and 

IS. 
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smell,  about  fourteen  and  a  half  times  lighter  than  air.  Its  specific 
gi-avity  is  0-0693  (air  =  1).  Owing  to  its  lightness,  it  may  be  col- 
lected in  inverted  vessels  by  upward  displacement,  and  may  be 
retained  in  such  vessels,  even  when  these  are  open,  for  some  time ; 
but  if  the  vessels  be  turned  mouth  upwards  the  gas  will  escape  in 
a  few  seconds.  The  experira.ent  of  pouring  hydrogen  upwards  from 
one  vessel  into  another  may  be  shown  by  the  following  arrange- 
ment. An  inverted  beaker  (Fig.  18)  is  suspended  from  one  of  the 
arms  of  a  moderately  delicate  balance,  and  is  accurately  counter- 
poised. On  pouring  hydrogen  upwards  into  the  beaker,  as  seen  in 
the  figure,  the  arm  of  the  balance  from  which  the  beaker  is  sus- 
pended will  rise. 

The  lightness  of  hydrog-en  may  also  be  demonstrated  by  the 
following  experiment.  A  deHvery-jet,  a  (Fig.  19),  bent  downwards, 
is  placed  in  the  path  of  the  rays  of  an  electric  lamp,  so  as  to  cast  a 
clear  image  on  the  screen.  As  soon  as  hydrogen  is  allowed  to 
pass  through  the  jet,  the  upward  movement  of  the  gas  will  be 
visible  on  the  screen  in  the  shape  of  a  succession  of  streaks  and 
shadows  rushing  upwards  from  the  jet,  denoting  the  passage  of  a 
medium  possessing  a  refractive  power  different  from  that  of  the 
suiTounding  air. 


Fig.  19. 
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Owino-  to  its  lightness,  hydrogen  may  be  used  for  filling 
baUoons."  Soap-bubbles  fiUed  with  the  gas  rise  rapidly  through 

the  air.  .     ,     i  j 

Hydrogen  cannot  support  animal  life.    SmaU  animals  placed 

in  a  vessel  of  the  gas  die  speedily.    This  effect  is  not  due  to  any 

specificaUy  poisonous  action  of  the  gas,  but  simply  to  the  exclusion 

of  oxygen,  which  is  essential  to  life.    If  mixed  with  air,  it  may  be 

breathed  for  some  time,  and,  as  long  as  it  is  contained  in  the  lungs, 

imparts  to  the  voice  a  peculiar  squeaking  tone. 

Hydrogen  is  very  inflammable.  It  burns  in  air  with  a  pale  blue 
flame,  which  is  intensely  hot,  but  emits  scarcely  any  light.  Mixed 
with  suitable  proportions  of  air  or  oxygen  it  explodes  violently  in 
contact  with  flame. 

Hydrogen  is  only  slightly  soluble  in  water.  Its  solubility  is 
the  same  for  all  temperatures  between  0°  and  20°  at  which  tem- 
peratures water  dissolves  about  one-fiftieth  of  its  volume  of  the 
gas. 

Platinum  and  iron  at  a  red  heat  are  permeable  to  hydrogen 
gas.    But  the  metal  which  possesses  this  property  in  the  highest 
degree,  and  permits  the  passage  of  hydrogen  at  temperatures  far 
below  redness,  is,  as  has  been  shown  by  Graham,  palladium.  This 
action  is  connected  with  the  property  which  these  metals  possess 
of  absorbing  hydrogen  when  heated  and  retaining  it  when  cold,  a 
property  which  was  termed  by  Graham  occhtsion.    The  absorptive 
power  of  a  metal  for  hydrogen  may  be  determined  by  the  following 
method : — The  weighed  metal,  for  example  palladium,  is  introduced 
into  a  glazed  porcelain  tube,  to  which  a  Sprengel  pump  is  attached. 
In  this  pump,  by  the  faU  of  mercury  down  a  long  tube,  a  more 
perfect  vacuum  is  produced  than  can  be  obtained  by  other  means. 
The  porcelain  tube  is  exhausted,  and  heated  to  redness.  Hydrogen 
is  then  admitted  and  passed  over  the  metal  for  a  considerable  time, 
after  which  the  metal  is  allowed  to  cool  in  the  gas.    The  tube  is 
then  exhausted  a  second  time  and  heat  again  applied,  when  the 
hydrogen  which  has  been  occluded  will  be  evolved  at  the  reduced 
pressure,  and  may  be  pumped  off  and  collected  in  a  measuring-tube 
at  the  bottom  of  the  fall-tube  of  the  pump.    In  this  way  Graham 
found  that  palladium  at  a  red  heat  occludes  more  than  900  times 
its  volume  of  hydrogen.  Even  at  ordinary  temperatures  this  metal 
can  occlude  no  less  than  376  times  its  volume  of  the  gas.  The 
hydrogen  thus  absorbed  assumes  the  solid  state,  and  forms  a  true 
alloy  with  palladium.    To  hydrogen  in  this  condition  Graham 
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applied  the  name  hydrocjcnmm,  in  order  to  denote  its  metallic 
character.  The  density,  tenacity,  and  electric  conductivity  of  the 
alloy  are  less  than  those  of  pure  palladium. 

In  examining,  by  means  of  the  Sprengel  vacuum,  the  meteoric 
iron  of  Lenarto  (containing  90-88  p.  c.  iron,  8-45  nickel,  and  0-66 
■cobalt),  Graham  found  that  this  metallic  substance  yielded,  when 
heated  to  redness,  2-85  times  its  volume  of  a  gas  containing  85-68 
per  cent,  of  hydrogen.  As  red-hot  iron  at  ordinary  atmospheric 
pressure  does  not  absorb  more  than  half  its  own  volume  of  hydro- 
gen, the  above  observation  would  seem  to  suggest  that  this 
meteorite  had,  during  some  period  of  its  existence,  been  exposed 
to  hydrogen  of  greater  pressure  than  the  atmosphere  of  our  earth. 
Spectroscopic  observation  points  to  the  presence  of  atmospheres  of 
hydrogen  in  the  sun  and  fixed  stars. 

^  Hydrogen  was  liquefied  for  the  first  time  in  1877  by  Pictet  and 
Cailletet,  who  achieved  this  triumph  of  experimental  skill  indepen- 
dently and  almost  simultaneously.  The  difference  between  the  two 
methods  consisted  chiefly  in  the  means  of  refrigeration  employed. 
Pictet  employed  only  external,  Cailletet  chiefly  internal,  refrigera- 
tion. In  the  first  case,  the  cooling  is  produced  by  means  of 
ordinary  refrigerants ;  in  the  second,  it  depends  on  the  fact  that  a 
gas,  if  permitted  to  expand  suddenly,  undergoes  a  great  depression 
of  temperature.  The  latter  phenomenon  may  be  shown  by  first 
saturating  the  air  under  the  receiver  of  an  air-pump  with  moisture 
and  then  exhausting.  At  each  stroke  of  the  pump  the  receiver 
will  fill  with  fog,  owing  to  the  condensation  of  the  aqueous  vapour 
by  the  cold  produced. 

Cailletet's  apparatus  is  represented  in  Pig.  20.  The  tube  ab, 
shown  separately  in  Fig.  21,  is  filled  with  perfectly  dry  hydrogen, 
and  its  lower  extremity  is  then  plunged  under  the  mercury  con- 
tained in  the  strong  wrought-iron  reservoir  c,  represented  in  section 
in  the  figure.  After  the  tube  has  been  firmly  screwed  into  its  place, 
a  freezing  mixture  is  introduced  into  the  cylinder  e  and  the 
Jiydraulic  pump  represented  to  the  right  of  the  figure  is  put  in 
action.  The  water,  which  is  thus  forced  into  the  reservoir  c,  presses 
on  the  surface  of  the  mercury,  causing  it  to  rise  within  the  tube  a, 
and  thus  to  compress  the  gas  powerfully.  In  this  way  a  pressure  of 
2U0  atmospheres  is  obtained,  which  is  registered  by  the  manometer 
d.  In  order  to  compress  the  gas  still  further,  a  steel  plunger, 
worked  by  the  wheel  /,  is  employed,  and  by  this  means  the 
pressure  may  be  increased  to  300  atmospheres.    As  soon  as  tliis 
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pressure  is  reached  the  gas  is  allowed  to  expand  suddenly.  This  is 
accomplished  by  means  of  a  screw  worked  by  the  wheel  the 
unscrewing  of  which  permits  the  water  to  flow  out  of  the  reservoir 


Fig.  20. 


Fig.  21. 


a 


at  g.  At  the  moment  of  expansion  the  tube  containing  the  hydro- 
gen becomes  filled  with  fog,  showing  that  the  gas  has  condensed 
to  mmute  particles  of  liquid.  Most  gases  can  be  obtained  in  a 
coherent  liquid  state  by  means  of  this  apparatus,  but  in  the  case  of 
hydrogen  and  some  of  the  other  less  coercible  gases  the  phe- 
nomenon can  be  shown  only  by  the  production  of  a  foo-  This 
however,  is  sufficient  to  prove  the  fact  of  liquefaction ;°  for  the 
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moment  a  colourless  gas  loses  its  transparency  it  ceases  to  be 
a  gas. 

Pictet's  apparatus  is  much  more  complicated.  The  outer 
casing  of  the  condenser  G  (Fig.  22)  is  filled  with  liquid  sulphurous 
anhydride.  By  means  of  the  double  pump  AB,  which  possesses 
cylinders  of  the  capacity  of  3  litres  each,  and  is  worked  by  a 
steam-engine  at  the  rate  of  100  strokes  per  minute,  the  gaseous 
sulphurous  anhydride  is  pumped  off  from  the  condenser  as  quickly 
as  it  is  vaporised.  By  this  rapid  evaporation  the  temperature  of 
the  condenser  is  kept  as  low  as  —65°.  The  gaseous  sulphurous 
anhydride  drawn  off  by  the  pump  passes  into  a  second  condenser 
B,  cooled  by  a  current  of  water.  Here  it  again  liquefies  under 
pressure,  and  is  returned  by  the  tube  d  to  the  first  condenser,  so 
that  a  constant  circulation  of  sulphurous  anhydride  is  kept  up  in 
the  direction  of  the  arrows.  The  outer  case  of  a  tliird  condenser, 
H,  is  filled  with  liquid  carbonic  anhydride,  which  boils  off  under 
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the  action  of  the  pumps  EF,  producing  a  refrigeration  of  —140°. 
The  gaseous  carbonic  anliydride  passes  from  the  pumps  into  the 
inner  tube  K  of  the  condenser  C,  where  it  is  liquefied  under  a 
pressure  of  5  atmospheres  by  the  cold  produced  by  the  evaporation 
of  the  sulphurous  anhydride.  It  is  then  returned  in  the-  liquid 
state  by  the  tube  h  to  H,  so  that  a  circulation  of  carbonic  anhydride 
is  kept  up.  The  hydrogen  to  be  liquefied  is  generated  by  the 
action  of  heat  on  a  mixture  of  perfectly  dry  potassic  hydrate  and 
potassic  formate  contained  in  a  strong  wrought-iron  retort  L.  It 
passes  into  the  very  strong  glass  tube  M,  where  it  is  liquefied  at  a 
pressure  of  650  atmospheres  by  the  cold  produced  by  the  evapora- 
tion of  the  liquid  carbonic  anhydride.  On  suddenly  opening  the 
stopcock  N,  the  hydrogen  escapes  with  enormous  violence  in  the 
form  of  a  liquid  jet,  and,  if  present  in  any  considerable  quantity,, 
solidifies  by  the  rapidity  of  its  own  evaporation,  the  solid  particles 
striking  against  the  ground  with  a  sound  as  of  small  shot.  It  has- 
been  found  quite  impossible  to  collect  the  solid  or  liquid  hydrogen 
when  it  has  once  escaped  from  the  tube. 

Since  the  above  results  were  obtained,  Wroblewski  and 
Olzewski  have  successfully  employed  in  the  liquefaction  of  gases 
the  intense  cold  produced  by  the  evaporation  of  liquid.  etKylene 
in  vamo. 

Section  II. 

CHLORINE,  C12. 

Atomic  weight  =  35-5.  Molecular  weight  =  71.  Molecular  volume 
ED-  1  litre  weighs  35'5  criths.  Has  not  been  solidified.  Lique- 
fies at  15  "5°  under  a  pressure  of  4:  atmospheres.  Atomicity'. 
Evidence  of  atomicity,  HCl. 

History. — Chlorine  was  discovered  by  Scheele  in  1774.  Ber- 
thollet  (1785)  supposed  it  to  be  a  compound  of  hydrochloric  acid 
with  oxygen,  a  view  held  tiU  1809,  when  Gay-Lussac  and 
Thenard  suggested  that  it  might  be  regarded  as  an  element. 
Davy  in  1810  declared  in  favour  of  the  latter  view,  and  contributed 
greatly  to  its  general  acceptance  by  chemists. 

Preparation. — 1.  Chlorine  is  most  conveniently  prepared  by 
gently  heating  a  mixture  of  manganic  peroxide  and  hydrochloric 
acid.    The  reaction  takes  place  in  two  stages : — 
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a.    MnO^  +  4HC1  =  MUCI4  +  2OH2. 

Manganic  Hydrochloric  Manganic  Water, 
peroxide.         acid.  perchloride. 

h.   MnCl^  =  M11CI2  +  CI2. 

Manganic       Manganous  Chlorine, 
perchloride.  chloride. 

The  chlorine  should  be  generated  in  a  large  flask  (Fig.  23) 
heated  over  a  sand-bath  aS,  and  may  be  washed  by  passing  it 
through  water,  in  order  to  absorb  hydrochloric  acid.  If  required 
dry,  it  should  pass  through  a  second  wash-bottle  containing  con- 
centrated sulphuric  acid.  Owing  to  its  gi'eat  specific  gravity,  it 
may  be  collected  by  downward  displacement.  If  it  is  desired  to 
collect  it  at  the  pneumatic  trough,  the  water  must  be  warmed,  as 
cold  water  absorbs  the  gas  rapidly.  Mercury  cannot  be  employed 
in  collecting  the  gas,  as  it  is  instantly  attacked  by  chlorine. 


Fig.  23. 


When  a  larger  quantity  of  chlorine  is  required  for  laboratory 
purposes,  the  generating  flask  may  be  replaced  by  a  large  leaden 
Woulff's  bottle  heated  in  a  steam  jacket.  Into  this  bottle  a  charge 
of  a  quarter  of  a  hundred-weight  of  manganic  peroxide  may  be 
introduced  at  once. 
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2.  The  hydrocliloric  acid  required  for  the  preparation  of  chlorine 
may  be  formed  in  the  course  of  the  reaction.  Thus,  by  heating  a 
mixture  of  sulphuric  acid,  sodic  chloride,  and  manganic  peroxide, 
clilorine  is  liberated  : — 

MnOs  +  2SO2H02  +  2N"aCl  =  SOa^aOa  + 

Manganic        Sulphuric  Sodic  Sodic 

peroxide.  acid.  chloride.  sulphate. 

SO^Mno"  +  2OH2  +  CI2. 

Manganous  Water, 
sulphate. 

The  sulphuric  acid  acts  on  the  sodic  chloride,  producing  hydro- 
chloric acid,  which  in  its  turn  acts  on  the  manganic  peroxide  as 
in  1.    In  this  reaction  all  the  chlorine  present  is  evolved. 

If  in  process  1  a  mixture  of  manganic  peroxide,  hydrochloric 
acid,  and  sulphuric  acid  be  employed,  the  whole  of  the  clilorine 
will  also  be  liberated  : — 

MnO^  +  SO2H02  +  2HC1  =  SO^Mno"  +  2OH2  + 

Manganic       Sulphuric    Hydrochloric     Manganous  Water, 
peroxide.  acid.  acid.  sulphate. 

Other  peroxides  and  oxidising  agents  may  be  substituted  for 
the  manganic  peroxide  in  process  1.  In  this  way  plumbic  per- 
oxide, baric  peroxide,  or  potassic  dichromate,  may  be  employed. 
Any  oxide  will  yield  chlorine  with  hydrochloric  acid,  provided 
that  the  corresponding  chloride  either  does  not  exist,  or  is  unstable 
at  the  temperature  employed.  With  potassic  dichromate  the 
reaction  is  as  follows  : — 

fCrOjKo 

^0  +  14HC1  =  2KC1  +  'Cr"' CL  -f-  70H,  +  3CL. 

LCrO^Ko  22 

Potassic      Hydrochloric   Potassic        Chromic  Water, 
dichromate.         acid.         chloride.  chloride. 

When  required  on  a  very  large  scale  for  manufacturing  pur- 
poses, as  for  example  in  the  production  of  bleaching  powder,  chlo- 
rine is  frequently  prepared  by  reaction  (1)  from  hydrochloric  acid 
and  manganic  peroxide.  The  mixture  is  contained  in  large  tanks 
made  of  Yorkshire  flagstones  fastened  together  with  iron  clamps, 
and  made  tight  by  means  of  vulcanised  caoutchouc.  The  tanks  are  - 
enclosed  in  an  outer  casing  through  which  steam  passes. 

3.  When  gaseous  hydrochloric  acid  mixed  with  air  is  passed 
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through  a  red-hot  tube  charged  with  fragments  of  brick  to  increase 
the  heating  surface,  the  hydrogen  of  a  portion  of  the  hydrochloric 
acid  combines  with  the  oxygen  of  the  air  to  form  water,  and 
chlorine  is  liberated.  By  passing  the  gaseous  products  through 
water,  the  undecomposed  hydrochloric  acid  is  absorbed,  and  a 
mixture  of  chlorine  with  nitrogen  and  oxygen  is  obtained.  If  the 
fragments  of  brick  are  impregnated  with  cupric  sulphate,  the  re- 
action takes  place  much  more  thoroughly,  and  the  greater  part  of 
the  hydrochloric  acid  yields  its  chlorine  in  the  free  state.  This 
latter  process  is  now  employed  in  the  manufacture  of  bleaching 
powder.  The  cupric  sulphate  remains  apparently  unaltered  during 
the  reaction,  and  requires  but  seldom  to  be  renewed.  Cuprous 
chloride  may  be  substituted  for  cupric  sulphate.  Actions  of  this 
class,  in  which  the  mere  presence  of  a  substance  appears  to  deter- 
mine chemical  change  in  other  bodies,  the  substance  itself  remain- 
ing apparently  unchanged,  are  termed  catalytic.  The  final  reaction 
in  the  above  cases  is  expressed  by  the  following  equation : — 

4HC1    +    02    =    2OH2    +  2CI2. 

Hydrocliloric  acid.  Water. 

But  it  is  more  probable  that,  in  the  case  of  the  cuprous  chloride, 
the  reaction  takes  place  in  two  stages,  cupric  chloride  beiug  con- 
tinually formed  and  immediately  afterwards  decomposed : — 

{a)  'Cu'^Cla    -1-    2HC1    +    0    =    2CuG\^    -f-  OH^. 

Cuprous  Hydrocliloric  Cupric  Water, 

chloride.  acid.  chloride. 

{h)  2CUCI2    =    'Cu'Cls    +  CI2. 

Cupric  Cuprous 
chloride.  chloride. 

In  fact,  when  cuprous  chloride,  moistened  with  hydrochloric 
acid,  is  heated  in  air,  cupric  chloride  is  formed  according  to  equa- 
tion {a).  On  raising  the  temperature,  chlorine  is  evolved  and 
■  cuprous  chloride  again  produced  according  to  (&).  In  the  process 
just  described  these  reactions  follow  each  other  so  closely  as  to 
present  the  appearance  of  a  single  continuous  action. 

It  is  probable  that  all  so-called  catalytic  actions  depend  in 
like  manner  upon  the  formation  of  some  unstable  intermediate 
compound,  which,  being  decomposed  as  fast  as  it  is  formed,  escapes 
observation. 

Platinum  black,  and  finely  divided  chromic  oxide,  exhibit  when 
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heated  a  similar  catalytic  action  on  a  mixture  of  hydrochloric  acid 

and  air.  .  .  . , 

4.  Certain  metallic  chlorides,  as  auric  and  platinic  chlorides, 

evolve  the  whole  of  their  chlorine  when  heated  : 
PtCl,   =    Pt   +  2CI2. 

Platinic  chloride, 

5.  Wlien  strong  aqueous  hydrochloric  acid  is  submitted  to 
electrolysis  with  carbon  electrodes,  it  is  decomposed  into  its 
elements,  hydrogen  being  evolved  at  the  negative  and  chlorine  at 
the  positive  electrode. 

Froperties.—Clilovme  is  a  greenish-yellow  gas.  Its  name,  from 
X\oyp6<;,  greenish-yellow,  is  derived  from  this  property.  It  is  unin- 
flammable in  air,  and  possesses  a  powerfully  irritating  odour,  even 
when  greatly  diluted  with  air.  It  is  one  of  the  heaviest  among 
substances  that  are  gaseous  at  ordinary  temperatures,  being  2-44 
times  heavier  than  air.  The  vapour-density  of  pure  chlorine 
determined  under  ordinary  pressures  is  constant  up  to  1600°,  and 
corresponds  with  the  molecular  formula  Clg.  If,  however,  the 
chlorine  be  mixed  with  air  in  order  to  diminish  the  pressure  of  the 
chlorine,  the  vapour-density  will  show  a  gradual  diminution  as 
the  temperature  rises — a  diminution  amounting  at  1600°  to  about 
16  per  cent.  This  diminution  is  due  to  a  partial  dissociation  of 
the  molecules  of  the  gas  into  single  atoms.  This  dissociation, 
which  in  the  case  of  chlorine  is  incomplete  at  the  highest  tem- 
peratures which  can  be  commanded  in  such  determinations,  extends 
further  in  the  case  of  bromine  and,  in  the  case  of  iodine  vapour 
diluted  with  air,  is  complete  at  1400°  (see  Bromine  and  Iodine). 

Water  at  20°  dissolves  about  twice  its  volume  of  chlorine,  the 
solution  possessing  the  colour  and  odour  of  the  gas.  The  solubility 
decreases  rapidly  as  the  temperature  rises.  If  the  water  be  cooled 
with  ice  while  chlorine  is  passed  into  it,  a  crystalline  compound  of 
chlorine  and  water  of  the  formula  CljjlOOIIj  is  formed. 

When  exposed  to  the  air,  even  at  low  temperatures,  these 
crystals  rapidly  give  off  chlorine  and  melt ;  but  if  pressed  quickly 
between  cold  filtering-paper  and  sealed  up  in  a  glass  tube,  they  do 
not  decompose  tiU  the  temperature  rises  to  38°,  when  the  chlorine 
which  they  evolve  is  liquefied  by  its  own  pressure,  and  forms  a 
layer  of  liquid  chlorine  under  the  layer  of  saturated  chlorine 
water  in  the  tube.  If  the  tube  be  bent  at  an  obtuse  angle  as  in 
Fig.  24,  and  the  empty  limb  a  be  plunged  into .  a  freezing  mixture, 
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the  liquid  chlorine  will  distil  over  and  condense  in  a.  This  was 
the  method  originally  employed  byTaraday  in  the  liquefaction  of 
chlorine. 

Fig.  24. 


Chlorine  water  is  a  powerful  oxidising  agent :  thus  it  instan- 
taneously converts  sulphurous  acid  into  sulphuric  acid.  In  this 
reaction  the  chlorine  combines  with  the  hydrogen  of  the  water, 
and  the  oxygen  which  is  thus  set  at  liberty  acts  in  the  nascent 
state  on  the  sulphurous  acid : 

SOH02    +    CI2    +    OH2    =     SO2H02    +  2HC1. 

Sulphurous  acid.  Water.         Sulphuric  acid. 

Chlorine  water  may  be  preserved  for  a  considerable  time,  if 
kept  in  a  well-stoppered  bottle  and  in  a  dark  place.  Under  the 
influence  of  light  the  chlorine  combines  with  the  hydrogen  of 
the  water,  as  above,  and  oxygen  is  evolved. 

Chlorine  has  very  powerful  affinities.  It  combines  directly 
with  hydrogen  to  form  hydrochloric  acid.  When  mixed  in  equal 
volumes  and  exposed  to  direct  sunlight,  hydrogen  and  chlorine 
combine  with  explosion. 

Chlorine  removes  hydrogen  from  its  compounds  with  carbon. 
When  a  rag  moistened  with  turpentine  is  plunged  into  a  jar  of 
clilorine,  the  chlorine  and  hydrogen  unite,  with  evolution  of  heat 
and  light,  whilst  carbon  is  liberated. 

C10H16    +    8C1,    =    16HC1    +  IOC. 

Turj)entine.  Hydrochloric  acid. 

The  same  phenomenon  is  exhibited  when  a  burning  taper  is 
introduced  into  a  jar  of  chlorine  ;  the  hydrogen  of  the  taper  con- 
tinues to  burn,  but  the  carbon  separates  out,  forming  dense  clouds 
of  soot. 

By  a  more  moderate  action,  chlorine  may  be  made  to  displace 
hydrogen  in  compounds  of  carbon  with  hydrogen,  a  process  known 
as  substitution.  Thus  when  equal  volumes  of  marsli-gas  and 
chlorine  are  exposed  to  diffused  daylight,  methylic  chloride  and 
hydrochloric  acid  are  formed : — 
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CH,    +    CI2    =   CH3CI   +  HCl. 

Marsh-gas.  Methylio  Hydrochloric 

chloride.  acid. 

Moist  chlorine  combines  directly  at  ordinary  temperatures  with 
all  the  metals,  except  iridium,  and  with  most  of  the  metalloids. 
It  has  not  been  made  to  combine  directly  with  carbon.  Many 
of  the  elements,  such  as  phosphorus  and  finely  divided  arsenic, 
antimony,  and  copper,  inflame  when  introduced  into  the  gas,  owing 
to  the  heat  evolved  in  combination. 

Chlorine  is  employed  to  bleach  linen  and  cotton  fibre,  and  to 
destroy  vegetable  colouring  matters.  (On  the  mode  of  its  employ- 
ment for  tliis  and  similar  purposes  see  Bleaching  Powder.)  The 
action  takes  place  in  presence  of  water,  and  is  an  oxidising  action 
as  already  described.  Dry  chlorine  does  not  bleach.  When  chlorine 
water  is  added  to  a  solution  of  indigo,  the  blue  colour  disappears, 
Chlorine  has  no  action  on  most  mineral  colours,  or  on  printing  and 
China  inks,  in  which  the  black  substance  is  finely  divided  carbon. 
Black  writing  ink,  however,  which  is  the  iron  salt  of  an  organic 
acid,  is  at  once  bleached  by  it.  This  difference  may  be  shown  by 
obliterating  a  printed  page  with  writing  ink  and  then  dipping  it 
into  chlorine  water,  when  the  printed  characters  will  re-appear. 

Chlorine  is  also  employed  as  a  disinfectant,  as  it  possesses  the 
property  of  destroying  putrefactive  organisms,  miasmata,  and 
noxious  vapours — the  products  of  decomposition  of  organic 
matter. 

Chlorine  is  a  powerful  poison.  Inhaled  in  a  diluted  condition 
it  provokes  cougliing ;  in  larger  quantities  it  produces  spitting  of 
blood,  and,  when  concentrated,  immediate  death. 

HYDROCHLORIC  ACID,  Clilorhydric  Acid,  Muriatic  Acid. 

HCl. 

Molecidar  weight  =  36-5.  Molecidar  volume  i  I  I-  1  litre  iveighs 
18"25  criths.  Has  not  been  solidified.  Condenses  at  10°  under  a 
pressure  of  40  atmospheres. 

Eistorij. — The  aqueous  solution  of  hydrochloric  acid  has  been 
known  from  very  early  times.  The  gas  itself  was  discovered  by 
Priestley  in  1772,  who  was  enabled  to  collect  it  by  means  of  his 
mercurial  pneumatic  trough. 

C^cctMTence.— Hydrochloric  acid  is  given  off  in  large  quantities 
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from  active  volcanoes.  Some  rivers  which  take  their  rise  in  the 
Andes  contain  from  01  to  0-2  per  cent,  of  hydrochloric  acid. 

Preparation. — 1.  Hydrochloric  acid  gas  is  formed  by  the  direct 
union  of  its  elements,  as  described  under  chlorine.  This  experi- 
ment may  be  shown  by  means  of  the  following  arrangement.  Two 
stoppered  glass  vessels  of  exactly  equal  capacity  (Fig.  25)  are 
Fig.  25.    '^^ited  ^7  ^  tube  which  may  be  closed  by  a  stopcock. 

After  closing  the  stopcock,  one  of  these  is  filled  with 
chlorine  and  the  other  with  hydrogen,  and  the  stoppers 
are  replaced.    On  opening  the  stopcock  in  the  dark,  dif- 
fusion will  cause  the  gases  to  mix,  an  action  which  will 
be  more  rapid  if  the  part  of  the  apparatus  containing 
the  chlorine  be  placed  uppermost.    If  the  apparatus  be 
now  exposed  to  the  diffused  light  of  a  well-lighted  room 
(but  not  to  direct  sunlight,  otherwise  an  explosion  will 
occur)  the  colour  of  the  diluted  chlorine,  at  first  visible, 
will  rapidly  disappear.    The  reaction  may  be  completed 
by  exposure  to  sunlight  for  a  few  minutes,  there  being 
no  longer  any  danger  of  explosion.    If  one  of  the  stop- 
pers be  now  removed  under  mercury,  there  will  be  no 
rise  of  the  mercury  in  the  vessel,  showing  that  no  con- 
traction has  occurred  during  combination  and  also  that 
no  free  chlorine  remains.    If  water  coloured  blue  with 
litmus  be  poured  on  the  surface  of  the  mercury,  and  the 
apparatus  be  raised  until  its  orifice  is  above  the  mercury, 
but  under  the  water,  the  latter  will  rush  in,  completely 
filling  the  double  vessel  (a  proof  that  no  free  hydrogen 
remains),  whilst  the  blue  tint  turns  to  red  owing  to  the 
action  of  the  acid.     Equal  volumes  of  hydrogen  and 
chlorine  therefore  combine  without  change  of  volume  to 
form  hydrochloric  acid  gas. 
2.  For  laboratory  purposes  hydrochloric  acid  is  best  prepared 
by  the  action  of  sulphuric  acid  on  common  salt.    The  salt  (1  part) 
is  contained  in  a  large  flask,  and  the  sulphuric  acid  (2  parts)  pre- 
viously diluted  with  a  very  small  quantity  of  water,  is  poured  in 
gradually  through  a  funnel  tube  reaching  to  the  bottom  of  the  flask, 
as  in  the  apparatus  for  the  preparation  of  hydrogen  (Fig.  16, 
p.  137).    A  rapid  disengagement  of  gas  takes  place.    Towards  the 
end  of  the  process  the  reaction  may  be  aided  by  the  application  of 
a  gentle  heat. 
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SO0H02    +    NaCl    =    SOaHomo    +  HCl. 

Sulphuric  acid.  Sodic  Hydric  sodic  Hydrochloric 

cliloride.  sulphate.  acid. 

If  only  half  of  tlie  above  quantity  of  sulphuric  acid  be  em- 
ployed without  adding  water,  the  decomposition  occurs  according 
to  the  equation : — 

.SO,Ho2    +    2¥aCl    =    SO^Nao^    +  2HC]. 

Sulphuric  acid.  Sodic  Sodic  sulphate.  Hydrochloric 

chloride.  acid. 

and  the  normal  sulphate  is  formed ;  but  in  this  case  a  much 
higher  temperature  is  required  to  expel  the  whole  of  the  hydro- 
chloric acid. 

The  gas  must  be  collected  by  downward  displacement  or  over 
mercury,  as  it  is  instantaneously  absorbed  by  water.  If,  however, 
the  aqueous  solution  is  required,  the  gas  may  be  passed  at  once 
into  water. 

(For  the  preparation  of  hydrochloric  acid  on  the  manufactur- 
ing scale,  see  Sodic  Sulphate.) 

Properties. — Pure  hydrochloric  acid  is  a  colourless  gas  of  a 
sharp  and  suffocating  odour.  It  does  not  support  combustion.  Its 
specific  gravity  is  1-24:7  (air  =  1).  On  escaping  into  the  air,  it 
fumes  strongly,  owing  to  its  forming  with  the  aqueous  vapour  of 
the  air  a  compound  which  is  less  volatile  than  water,  and  which 
consequently  separates  as  fog.  Water  at  0°  absorbs  503  times 
its  volume  of  hydrochloric  acid  gas,  forming  a  fuming,  powerfully 
acid  solution  which  parts  with  a  portion  of  its  gas  when  the  tem- 
perature is  raised.  Water  absorbs  hydrochloric  acid  gas  with  such 
rapidity  that  it  rushes  into  a  space  containing  this  gas  as  into  a 
vacuum.  This  may  be  shown  by  the  following  experiment :  A 
wide  tube  of  thin  glass,  closed  at  the  top,  is  filled  over  mercury  with 
pure,  hydrochloric  acid  gas  and,  a  small  porcelain  crucible  being 
inserted  under  the  tube,  the  tube  with  the  crucible  is  lifted 
out  of  the  mercury  and  lowered  into  a  vessel  of  water.  In  this 
position  it  remains  unaltered,  as  the  tube  is  closed  by  the 
mercury  in  the  crucible;  but  if  the  tube  be  raised  out  of  the 
mercury  so  that  its  orifice  is  under  water  (as  in  Preparation  1)  the 
water  will  rush  in  with  such  violence  as  to  shatter  the  top  of  the 
tube.  The  success  of  this  experiment  depends  upon  the  perfect 
purity  of  the  hydrochloric  acid  gas :  the  least  trace  of  air  mixed 
with  the  gas  forms  an  unabsorbed  layer  of  indifferent  gas  above  the 
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rising  column  of  liquid,  thus  not  only  checking  the  rapidity  of 
absorption,  but  acting  as  a  cushion  to  break  the  shock  against  the 
top  of  the  tube. 

Hydrochloric  acid  is  employed  in  the  laboratory  chiefly  in  the 
foi^m  of  Its  aqueous  solution.  The  strong  fuming  acid  possesses  at 
15  ^  a  specific  gravity  of  1-21,  and  contains  about  43  per  cent,  of 
HCl.  The  commercial  acid  is  frequently  contaminated  with  sul- 
phurous and  sulphuric  acids,  free  chlorine,  arsenic  and  iron. 

^  If  the  saturated  solution  of  hydrochloric  acid  be  heated,  it  gives 
of}'  gas  and  becomes  weaker  as  the  temperature  rises,  till  at  110° 
under  the  normal  pressure  a  solution  containing  20-24  per  cent, 
of  HCl,  and  corresponding  very  closely  with  the  formula  HCl.SOHa, 
distils  over  unchanged.  If  this  acid,  which  distils  at  110°,  be 
diluted  with  water  and  subjected  to  distillation,  a  weak  acid  comes 
over  at  first,  and  the  acid  in  the  retort  becomes  gradually  stronger 
till  it  contains  20-24  per  cent,  of  HCl,  when  it  again  distils  un- 
changed at  110°.  It  was  long  supposed  that  this  solution  with 
constant  boiling  point  represented  a  definite  aquate  or  hydrate, 
but  Roscoe  and  Dittmar  have  shown  that  this  correspondence  with 
the  formula  HC1,80H2  is  a  result  of  chance,  and  that,  by  varying 
the  pressure,  solutions  of  varying  strength,  but  constant  for  each 
pressure,  may  be  obtained.  The  lower  the  pressure,  the  higher  is 
the  percentage  of  HCl  contained  in  the  residual  acid. 

The  specific  gravity  of  an  aqueous  solution  of  hydi'ochloric  acid 
increases  with  the  percentage  of  acid.  In  the  following  table 
the  column  headed  d  contains  the  specific  gravities  at  15°,  that 
headed  p  the  corresponding  percentages  of  hydrochloric  acid.  It 
is  thus  only  necessary  to  determine  the  specific  gravity  of  a  sample 
of  aqueous  acid  in  order,  by  reference  to  the  table,  to  ascertain  its 
approximate  strength : — 


HYDEOCHLOmC  ACID. 


Specific  Gh-avity  Table  of  Aqueous  Eydrochloric  Acid  at  15°  (Kolb). 


d. 

P- 

d. 

1 
X 

•91  9 

42  •O 

1 

•125 

24-8 

1 

•91  O 

42^4 

1 

116 

23  •! 

1 

•205 

41  2 

1 

•108 

21  -5 

1 

•199 

39  •S 

1 

•100 

19  9 

1 

•195 

39^0 

1 

•091 

18  •! 

1 

•190 

37  ^9 

1 

•083 

16  5 

1 

•185 

36  8 

1 

•075 

15  •© 

1 

•180 

OD  7 

1 

•067 

XO 

1 

•175 

84  7 

1 

•060 

12-0 

1 

•171 

33  9 

1 

•052 

10^4 

1 

•166 

33  0 

1 

•044 

8^9 

1 

■161 

32  0 

1 

■036 

7-3 

1 

•157 

312 

1 

•029 

5-8 

1 

•152 

30  2 

1 

■022 

4^5 

1 

•143 

28  •& 

1 

■014 

2  9 

1 

•134 

26^6 

1 

•007 

1^5 

Hydrochloric  acid  gas  is  only  partially  decomposed  by  the 
passage  of  a  series  of  electric  sparks. 

The  composition  of  hydrochloric  acid  gas  has  been  demonstrated 
by  means  of  synthesis  (1).  It  remains  to  show  how  it  may  be 
proved  by  analysis. 

For  this  purpose  a  measured  volume  of  gaseous  hydrochloric 
acid  is  introduced  into  a  bent  tube  over  mercury  (Tig.  26).  A 
piece  of  sodium  is  then  pushed  up  through  the  mercury  by  means 
of  a  thin  iron  wire  till  it  lodges  in  the  curved  end  of  the  tube.  On 
heating  that  part  of  the  tube  by  means  of  a  flame,  the  sodium 
decomposes  the  gas,  combining  with  the  chlorine  to  form  sodic 


Fig.  26. 


chloride  and  liberating  hydrogen.  As  soon  as  the  reaction  is  com- 
plete, the  tube  is  allowed  to  cool  and  the  residual  gas  is  measured, 
when  it  will  be  found  that  the  original  volume  has  been  reduced 
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by  one-half.  The  residual  gas  .may  be  inflamed  or  otherwise 
shown  to  possess  the  properties  of  hydrogen. 

^  Suppose,  therefore,  in  order  to  simplify  the  calculation,  that  the 
original  volume  of  the  gas  at  standard  temperature  and  pressure 
was  2  litres. 

2  litres  of  hydrochloric  acid  gas  weigh   36-5  criths. 

Subtract  the  weight  of  1  litre  of  residual 

hydrogen   1-0  „ 

and  there  remain.   35-5  „ 

which  is  the  weight  of  1  litre  of  clilorine.  One  volume  of  chlorine 
therefore  combines  with  one  volume  of  hydrogen  to  form  two 
volumes  of  hydrochloric  acid  gas. 

Hydrochloric  acid  may  be  converted  into  salts  termed  clilorides 
by  the  action  of  certain  metals  as  already  described,  and  also  by 
the  action  of  the  metallic  hydrates  or  oxides — 

OKH    +    HCl    =    KCl    +  OH^. 

Potassic       Hydrochloric     Potassic  Water, 
hydrate.  acid.  chloride. 

ZnO    +    2HC1    =    ZnClg    +  OH^. 

Zincic        Hydrochloric  Zincic  Water, 

oxide.  acid.  chloride. 

Hydrochloric  acid  produces  in  the  solutions  of  the  salts  of  lead 
a  white  precipitate  of  plumbic  chloride  (PbClj),  soluble  in  excess 
of  water.  With  mercurous  salts  it  gives  a  white  precipitate  of 
mercurous  chloride  {'Hg'^Gl^),  insoluble  in  excess  of  water,  but 
readily  soluble  if  chlorine  be  passed  into  the  solution.  Ammonia 
causes  this  precipitate  to  blacken.  With  the  soluble  salts  of 
silver,  hydrochloric  acid  yields  a  white  precipitate  of  argentic 
chloride  (AgCl),  insoluble  in  water,  in  chlorine  water,  and  in  nitric 
acid,  but  soluble  in  ammonia.  This  precipitate  blackens  when 
exposed  to  light. 
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CHAPTEE  XXIII. 

DYAD  ELEMENTS. 

Section  I. 

OXYGEN,  O2. 

Atomic  loeight  =  16.    Molecular  weight  =  32.  Molecular  volume 
m-    1  litre  weighs  16  criths.    Liquefies  at  —136°  under  a 

pressure  of  22-5  atmospheres.  Atomicitij  ".  Evidence  of  atom- 
icity— 

Water   OH2. 

Potassic  hydrate   OKH. 

Argentic  oxide   OAg.^. 

Hypochlorous  anhydride   OCI2. 

Ristorij. — Oxygen  was  discovered  by  Priestley  in  1774,  and  a 
year  later  independently  by  Scheele.  The  name  oxygen,  "  the  acid- 
producer  "  (from  o^y?,  sour,  and  ryewda,  I  bring  forth)  was  given 
to  it  by  Lavoisier,  who  regarded  it  as  an  essential  constituent  of  all 
acids,  a  rule  which  subsequent  discovery  has  shown  to  be  subject 
to  exception. . 

Occurrence. — Oxygen  is  the  most  plentiful  and  widely  dis- 
tributed of  the  elements.  It  is  found  in  the  free  state,  mechani- 
cally mixed  with  nitrogen,  in  the  atmosphere,  of  which  it  con- 
stitutes slightly  over  a  fifth  part  by  volume.  It  occurs  in 
combination  in  water,  in  most  minerals  (forming  nearly  one-half 
by  weight  of  the  earth's  crust),  and  in  almost  all  animal  and 
vegetable  compounds. 

Preparation. — 1.  When  mercuric  oxide  (HgO)  is  heated  to 
redness,  it  is  decomposed  into  mercury  and  oxygen — 

2HgO    =    2Hg    +  O2. 

Mercimc  oxide. 

The  operation  may  be  performed  in  a  retort  of  hard  glass, 
and  the  oxygen  collected  over  water  at  the  pneumatic  trough. 
This  method,  which  was  that  first  employed  by  Priestley,  is  too 
costly  for  ordinary  use. 
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2.  Many  peroxides,  when  heated,  lose  a  part  of  their  oxygen 
and  are  reduced  to  a  lower  stage  of  oxidation.  This  is  the  case 
with  manganic  peroxide  (MnO.^),  plumbic  peroxide  (PbO^)  and 
banc  peroxide  (BaO^).  The  first  of  these  peroxides  is  found  in 
large  quantities  in  nature,  and  may  be  advantageously  employed  as 
a  source  of  oxygen.  The  decomposition  cannot  be  effected  in 
glass  vessels,  owing  to  the  high  temperature  required.  In  order 
to  obtain  the  oxygen,  the  manganic  peroxide  is  placed  in  an  iron 
bottle  fitted  with  a  delivery  tube,  and  the  bottle  is  heated  to 
bright  redness  in  a  furnace.  The  manganic  peroxide  parts  with 
one-third  of  its  oxygen,  undergoing  reduction  to  trimanganic 
tetroxide — 

3Mn02    =    i^(Mn3)^i«0^  + 

Manganic  Trimanganic 
peroxide.  tetroxide. 

3.  For  laboratory  purposes,  oxygen  is  most  conveniently  pre- 
pared by  heating  potassic  chlorate  in  a  Florence  flask  or  hard 
glass  retort.  The  salt  parts  with  the  whole  of  its  oxygen  (39-18 
per  cent,  of  its  weight),  forming  potassic  chloride — 

roci 

2^  0       =    2KC1    +  30„. 

Potassic  Potassic 
cUorate.  cliloride. 

The  gas  may  be  collected  as  in  Po^eparation  1.  The  salt 
fuses  before  giving  off  its  oxygen.  The  heat  required  for 
the  decomposition  is  somewhat  high,  particularly  towards  the 
close  of  the  operation,  and  is  apt  to  soften  the  glass  of  the 
retort.  By  mixing  the  chlorate,  however,  with  about  one-eighth 
of  its  weight  of  manganic  peroxide,  the  oxygen  is  given  off  at  a 
much  lower  temperatiire.  In  this  case  the  chlorate  does  not  fuse. 
The  manganic  peroxide  is  found  unchanged  at  the  end  of  the 
process,  and  its  action  probably  consists  in  taking  up  oxygen  to 
form  a  higher  oxide,  which  immediately  decomposes  into  man- 
ganic peroxide  and  free  oxygen.  Other  substances,  such  as  ferric 
oxide  and  spongy  platinum,  also  aid  in  liberating  oxygen  from 
potassic  chlorate. 

Commercial  manganic  peroxide  is  occasionally  adulterated  with 
coal-dust.  When  this  adulterated  peroxide  is  heated  with  potassic 
chlorate,  sudden  explosive  combustion  of  the  coal  at  the  expense 
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of  the  oxygen  of  the  chlorate  takes-  place,  and  from'  tHs  cause  fatal 
accidents  have  occurred.  It  is  therefore  advisable  to  test  the 
manganic  peroxide  first  by  heating  a  small  quantity  with  potassic 
chlorate  in  a  test-tube. 

4.  When  a  non-salifiable  peroxide  of  an  electropositive  element 
is  heated  with  sulphuric  acid,  a  sulphate  of  the  lower  and 
salifiable  oxide  is  formed,,  and  the  excess  of  oxygen,  above  what  is 
requhed  for  the  salifiable  oxide,  is  evolved.  In  this  way  manganic 
peroxide  when  heated  with  sulphuric  acid  parts  vs^ith  half  its. 
oxygen — 

2Mn02    +    2SO2H02  =  2S02Mno"    +    2OH2    +  O2. 

Manganic  Sulphuric  Manganous  Water, 

peroxide.  acid.  sulphate. 

An  analogous  reaction  occurs  when  potassic  dichromate  is. 
heated  with  sulphuric  acid — 


rCr02Ko 
2<  0 
LCrO^Ko 

Potassic 
dichromate. 


+    8SO,Ho2    =    2SO2K02  + 


Sulphm-ic 
acid. 


2S306CCr-20e)- 

Chromic  sulphate. 


+ 


Potassic 
sulphate: 

5O2     +  8OH2, 
"Water. 


It  will  assist  the  student  to  understand  the  mechanism  of  complicated  reactions 
like  the  above  if  he  fixes  his  attention  upon  that  portion  of  the  equation  which 
refers  to  the  actual  process  under  consideration — in  this  case  the  preparation  of 
oxygen.    Thus  he  would  write  the  first  of  the  above  equations — 

MnOs    =    MnO     +  O, 
Manganic    Manganous  Oxygen, 
peroxide.  oxide. 


and  the  second- 


2Cr03 
Chromic 
anhydride. 


CT2O3  + 
Chromic 
oxide. 


30... 


The  formation  of  manganous,  potassic,  and  chromic  sulphates,  and  of  water,  is 
necessary  to  the  occurrence  of  the  actual  reactions  ;  but  the  use  of  the  above  abbre- 
viated forms  of  the  equations  wiU  help  the  student  to  realise  what  is  the  essence  of 
these  processes-the  reduction  of  a  higher  oxide  to  a  lower  and.  basic  oxide  with 
liberation  of  oxygen. 

•  _  All  the  equations  given  in  this  chapter-with  the  exception  of  the  above  abbre 
mted  forms-are  what  are  known  as  molecular  equations :  that  is  to  say  none 
but  molecular  quantities  of  the  substances  taking  part  in  the  reactions  are  therein 
represented,  at  least  in  the  case  of  substances  of  known  molecular  weight,   it  is 
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obvious  that  the  proportions  by  weight  would  remain  unaltered  if  the  quantities 
employed  in  these  equations  were  all  halved.    Thus  in  1  we  should  have — 

HgO    =    Hg    +  O, 

the  only  objection  being  that  O  represents  a  semi-molecule  of  oxygen — a  quantity 
which  does  not  exist  in  the  free  state.  Such  equations  are  termed  atomic.  The  use 
of  atomic  equations  is  often  convenient  and  is  quite  unobjectionable  if  it  be  borne 
in  mind  that  such  equations  are  employed  only  as  abbreviations. 

5.  When  concentrated  sulphuric  acid  is  allowed  to  trickle 
slowly  over  fragments  of  brick  contained  in  an  earthenware  retort 
heated  to  bright  redness,  the  acid  is  decomposed  into  oxygen,  sul- 
phurous anhydride,  and  water  (Deville  and  Debray) — 

SO2H02    =    SO2    +    OH2    +  0. 

Sulphuric         Sulphurous  Water, 
acid.  anhydride. 

On  passing  the  mixed  gases  through  water,  the  sulphurous  anhy- 
dride is  absorbed,  whilst  the  oxygen  passes  on  and  may  be 
collected  as  usual.  When  this  method  is  employed  on  the  large 
scale,  the  concentrated  solution  of  sulphurous  anhydride  thus 
obtained  may  be  afterwards  transferred  to  the  leaden  chambers 
and  employed  in  the  manufacture  of  sulphuric  acid.  (See  Sul- 
phuric acid) 

6.  If  a  concentrated  aqueous  solution  of  bleaching  powder 
be  gently  heated  with  a  small  quantity  of  cobaltic  oxide  (CO2O3), 
the  whole  of  the  oxygen  contained  in  the  bleaching  powder  will  be 
given  off — 

Ca(OCl)Cl   =    CaCl2    +  0. 

Bleaching  powder.     Calcic  chloride. 

The  cobaltic  oxide  appears  to  undergo  no  change  in  the  reaction, 
and  the  same  quantity  may  be  used  repeatedly.  The  gas  is  evolved 
with  great  regularity.  It  is  best,  in  order  to  avoid  frothing,  to 
employ  a  clear  solution  of  bleacliing  powder.  Cupric  oxide  may  be 
substituted  for  cobaltic  oxide. 

7.  It  has  been  mentioned  (2)  that  baric  peroxide  (BaOa),  when 
heated,  parts  with  a  portion  of  its  oxygen— 

BaOj    =    BaO    +  0. 

Baric  peroxide.  Baryta. 

By  passin-  a  current  of  air  over  the  baryta  thus  obtained, 
whilst  the  temperature  is  allowed  to  fall  below  that  required  for 
the  decomposition  of  baric  peroxide,  the  baryta  takes  up  oxygen 
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and  is  reconverted  into  peroxide.  Theoretically  an  unlimited 
quantity  of  oxygen  may  be  obtained  from  the  same  quantity  of 
baric  peroxide  by  the  alternate  repetition  of  these  processes 
(Boussingault).  In  practice,  however,  the  baryta  is  found  to  com- 
bine with  the  silica  of  the  porcelain  tubes  to  form  a  silicate  which 
is  incapable  of  taking  up  oxygen. 

8.  A  similar  alternate  method  is  that  proposed  by  Tessi^  du 
Motay.  When  potassic  manganate  (Mn02Ko2)  is  heated  in  a 
current  of  steam,  oxygen  is  evolved,  whilst  caustic  potash  and 
lower  oxides  of  manganese  remain.  On  heating  the  mixture  of 
caustic  potash  and  oxides  of  manganese  with  free  access  of  air, 
oxygen  is  absorbed  and  the  manganate  is  regenerated. 

9.  Oxygen  may  be  obtained  by  the  electrolysis  of  water  acidu- 
lated with  sulphuric  acid  (see  Introduction,  p.  92). 

10.  When  a  mixture  of  steam  and  chlorine  is  passed  through 
a  red-hot  porcelain  tube,  the  chlorine  combines  with  the  hydrogen 
of  the  water,  liberating  oxygen — 

2OH2    -f-    2CI2    =    4HC1    +  O2. 

The  porcelain  tube  ought  to  be  filled  with  fragments  of  porce- 
lain in  order  to  increase  the  heating  surface.  The  erases  issuino- 
from  the  tube  are  washed  by  passing  through  a  solution  of  caustic 
potash,  by  which  the  hydrochloric  acid  and  the  excess  of  clalorine 
are  absorbed. 

11.  Oxygen  is  evolved  in  nature,  in  a  remarkable  manner,  by 
the  decomposition  of  atmospheric  carbonic  anhydride  by  the 
green  leaves  of  plants  under  the  influence  of  sunlight.  The  plant 
assimilates  the  carbon  of  the  carbonic  anhydride,  whilst  the  oxygen 
escapes  into  the  atmosphere.  This  decomposition  may  be  shown 
experimentally  by  placing  fresh  mint  or  parsley  under  a  glass 
cylinder  inverted  over  a  pneumatic  trough,  and  fiUed  with  water 
saturated  with  carbonic  anhydride.  On  exposing  the  whole  to 
sunhght,  oxygen  is  liberated  in  minute  bubbles  from  the  leaves  of 
the  plant,  and  collects  in  the  upper  part  of  the  cylinder. 

_  Froperties.— Oxygen  is  a  colourless,  tasteless,  inodorous  gas, 
slightly  heavier  than  atmospheric  air,  its  specific  gravity  beincr' 
1-10563  (air  =  1).  It  is  but  slightly  soluble  in  water:  1  volume 
of  water  at  0°  dissolves  about  0-04  volume  of  oxygen. 

Oxygen  possesses  powerful  chemical  affinities,  and  has  been 
made  to  combine  with  every  known  element  except  fluorine.  Some 
few  metals,  like  potassium  and  sodium,  are  attacked  by  dry  oxygen 
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at  ordinary  temperatures,  and  become  covered  with  a  coating  of 
oxide;  the  majority  remain  bright  under  these  circumstances. 
Many  others  become  oxidised  only  when  moisture  is  present  to  aid 
the  oxygen.  Others,  like  copper  and  mercury,  combine  with 
oxygen  only  at  higher  temperatures ;  whilst  platinum,  gold,  and 
silver  are  not  acted  upon  directly  by  oxygen  at  any  temperature. 

The  chemical  actions  of  atmospheric  air  are  all  dependent  on 
the  presence  of  oxygen,  air  being  practically  nothing  more  than 
oxygen  diluted  with  about  four  times  its  bulk  of  nitrogen.  These 
chemical  actions  are  displayed  in  much  greater  intensity  by  un- 
diluted oxygen.    Combustion,  for  example,  is  chemical  combina- 
tion, sufficiently  violent  to  be  attended  with  evolution  of  heat  and 
light.    In  the  case  of  the  combustion  of  a  body  in  air,  the  presence 
of  an  indifferent  diluent — nitrogen — greatly  moderates  the  violence 
of  the  action ;  in  the  first  place  by  causing  combination  to  take 
place  more  slowly,  owing  to  the  interposition  of  a  number  of  mole- 
cules which  do  not  participate  in  the  reaction,  and  secondly,  by 
lowering  the  temperature  of  the  whole,  the  indifferent  gas  appro- 
priating to  itself  part  of  the  heat  derived  from  chemical  combina- 
tion.   In  pure  oxygen,  all  the  phenomena  of  combustion  are 
exhibited  in  their  utmost  intensity.    Sulphur  burns  in  air  with 
a  pale  blue  flame,  emitting  a  feeble  light;   but  in  oxygen  its 
flame  becomes  strongly  luminous.    The  light  emitted  by  phos- 
phorus burning  in  oxygen  is  of  such  dazzling  brilliancy  that  it 
can  scarcely  be  supported  by  the  eye.  '  A  match,  extinguished  but 
still  glowing,  bursts  into  flame  when  plunged  into  oxygen.  Many 
substances  incapable  of  undergoing  combustion  in  air,  burn  readily 
in  oxygen.    If  a  bundle  of  thin  iron  wires,  tipped  with  burning 
sulphur  to  start  the  combustion,  be  plunged  into  a  jar  of  oxygen 
the  iron  will  begin  to  burn,  throwing  off  dazzhng  scintillations. 
The  temperature  developed  in  the  combustion  of  iron  is  so  high 
that  if  the  jar  of  oxygen  be  closed  below  by  a  porcelain  dish  contain- 
ing water,  the  globules  of  molten  oxide  will  fall  through  the  water 
and  imbed  themselves  in  the  glaze  of  the  porcelain. 

Hydrogen  burns  in  oxygen ;  and  hence  it  is  customary  to  term 
liydrogen  a  combustible  gas  and  oxygen  a  supporter  of  combustion. 
But  it^may  easily  be  shown  that  these  terms  are  relative  and  inter- 
changeable. If  an  inverted  jar  of  hydrogen  be  lighted  at  the 
mouth  and  a  jet  of  oxygen  from  a  gas-holder  be  passed  up  through 
the  burning  hydrogen  into  the  jar,  the  oxygen  wHl  ignite  in  the 
flame  and  will  continue  to  burn  inside  the  jar  in  the  atmosphere 
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of  hydrogen.  Flcame  is  merely  the  visible  manifestation  of  the 
chemical  union  of  gases  ;  this  union  can  take  place  only  at  the 
surface  of  contact  of  the  two  gases,  and  its  nature  and  manner  will 
be  the  same,  whether  the  hydrogen  is  streaming  into  the  oxygen  or 
the  oxygen  into  the  hydrogen. 

The  very  high  temperature  produced  in  the  chemical  union  of 
oxygen  and  hydrogen  is  turned  to  account  in  the  oxy-hydrogen 
blow-pipe.  The  hydrogen  is  burnt  from  a  nozzle,  through  the 
centre  of  which  a  blast  of  oxygen  passes.  The  flame  thus  pro- 
duced possesses  such  a  low  illuminating  power  as  to  be  scarcely 
visible  in  bright  daylight ;  but  its  temperature  is  enormously 
liigh.  Platinum  readily  fuses  in  the  flame,  and  silver  may  be  dis- 
tilled by  means  of  it — a  method  of  purifying  silver  which  was 
adopted  by  Stas  in  his  classical  researches  on  the  atomic  weights. 

In  all  cases  of  combustion  in  oxygen,  compounds  known  as 
oxides  are  formed.  In  the  case  of  the  combustion  of  hydrogen, 
the  oxide  is  water,  which  is  deposited  as  dew  on  the  sides  of  the 
vessel  in  which  the  experiment  is  performed.  If  the  gases  are 
mixed  before  a  light  is  applied,  the  combination  takes  place  with 
explosion.  This  explosion  is  most  violent  when  the  two  gases  are 
employed  in  the  proportions  in  which  they  combine  to  form  water 
— two  volumes  of  hydrogen  to  one  of  oxygen. 

Oxygen  is  the  only  gas  which  can  support  respiration.  An 
animal  placed  in  air  previously  deprived  of  oxygen  speedily  dies. 
Pure  oxygen  at  ordinary  pressures  may  be  inhaled  with  impunity, 
but  compressed  oxygen  is  a  powerful  poison. 

Oxygen  is  rapidly  absorbed  by  a  solution  of  sodic  dithionite 
(hydrosulphite)  or  by  one  of  potassic  pyrogallate,  the  liquid  assum- 
ing in  the  latter  case  a  deep  brown  colour.  By  this  means  oxygen 
may  be  removed  from  mixtures  of  gases  in  which  it  is  present.  A 
solution  of  cuprous  chloride  in  ammonia  also  absorbs  oxygen,  but 
more  slowly,  becoming  of  an  intense  blue  colour.  If  the  colour- 
less gas,  nitric  oxide,  be  added  to  free  oxygen  or  to  a  mixture  con- 
taining free  oxygen,  reddish  fumes  are  produced  owing  to  the 
formation  of  higher  oxides  of  nitrogen.  These  fumes  are  readily 
soluble  in  water. 
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ALLOTROPIC  OXYGEN,  or  OZONE,  O3. 

Molecular  weight  =  48.  Molecidar  vohme  CD-  1  litre  weighs  24 
criths.  Liquefies  at  —  105°  imcler  a  pressure  of  125  atmo- 
spheres. 

History. ~ln  1785  Van  Marum  first  noticed  that  oxygen 
through  which  electric  sparlcs  had  been  passed  acquired  a  peculiar 
odour.  Schonbein  in  1840  investigated  the  subject  and  gave  to 
the  substance,  which  is  the  cause  of  this  odour,  the  name  ozone 
(from  o^eiv,  to  smell).  He  showed  that  ozone  is  also  contained  in 
the  oxygen  evolved  in  the  electrolysis  of  acidulated  water,  and 
that  it  is  produced  when  phosphorus  is  allowed  to  oxidise  slowly 
in  moist  air. 

Occurrence. — Ozone  is  found  in  minute  quantities  in  country 
air  and  in  sea  air.  It  is  rarely  present  in  the  air  of  towns,  as  it  is 
destroyed  by  the  organic  impurities  which  occur  in  such  air. 

Preparation. — Ozone  is  best  obtained  by  the  action  of  the  silent 
electric  discharge  upon  oxygen.  A  glass  tube,  A  (Fig.  27),  coated 
inside  with  tinfoil,  or  silvered  internally,  is  surrounded  by  a  second 
tube,  B,  coated  on  the  outside  with  tinfoil.  This  arrangement 
constitutes  a  species  of  Leyden  jar,  witli  double  glass  walls  and  a 
vacant  space  between  them.  The  apparatus,  which  is  known  as  a 
"  Siemens  induction  tube,"  is  so  constructed  that  a  gas,  passed  in 
at  E,  flows  between  the  tubes  and  emerges  at  F.  If,  at  the  same 
time,  the  inner  and  outer  coatings  are  connected,  by  means  of  the 
binding-screws  C  and  D,  with  the  terminals  of  an  induction  coil  in 
action,  the  gas  is  subjected  to  a  series  of  silent  electrical  discharges. 

Fig.  27. 
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When  oxygen  is  thus  treated,  it  is  partially  converted  into  ozone, 
which  may°he  recognised  by  its  peculiar  odour  and  powerful  oxidi- 
sin^  properties.  If  the  ozonised  oxygen  be  passed  into  a  solution 
of  potassic  iodide,  iodine  is  liberated  with  formation  of  potassic 
hydrate  : — 

2KI    +    OH2    +    0    =    20KH  + 

Potassic  Water.  Potassic 

iodide.  hydrate. 

If  a  little  starch  has.  been  added  to  the  potassic  iodide  before- 
hand, the  presence  of  the  slightest  trace  of  free  iodine  is  instantly 
manifested  by  a  deep  blue  coloration.  This  reaction  is,  however, 
common  to  most  oxidising  agents. 

It  has  hitherto  proved  impossible  to  convert  the  whole  of  the 
oxygen  into  ozone.    Under  the  most  favourable  circumstances  not ' 
more  than  one-fourth  is  thus  converted. 

The  electric  spark  is  not  nearly  so  powerful  an  agent,  for  the 
conversion  of  oxygen  into  ozone  as  the  silent  discharge.  Indeed  if 
the  spark  be  allowed  to  pass  through  oxygen  which  has  abeady 
been  ozonised  by  the  silent  discharge,  a  considerable  proportion  of 
the  ozone  is  reconverted  into  oxygen. 

2.  If  one  or  two  sticks  of  clean  moist  phosphorus  be  placed  in 
a  bottle  of  air  or  oxygen,  a  portion  of  the  oxygen  will,  after  the 
lapse  of  an  hour  or  two,  be  converted  into  ozone.  The  phosphorus 
must  then  be  removed  and  the  gas  washed  with  water  to  remove 
the  phosphorous  acid,  otherwise  the  ozone  will  gradually  disap- 
pear. 

3.  If  water  acidulated  with  sulphuric  or  chromic  acid  be  elec- 
trolysed, the  oxygen  evolved  at  the  positive  electrode  is  found  to 
contain  ozone.  The  quantity  is,  however,  very  small,  not  exceed- 
ing      P^^*'  weight  of  the  oxygen. 

4.  Ozone  is  formed  in  very  minute  quantity  during  the  evapo- 
ration of  water  (Gorup-Besanez),  particularly  when  the  water  is 
dissipated  in  the  form  of  spray.  This  probably  accounts  for  the 
presence  of  ozone  in  sea-air,  in  which  it  may  even  be  detected  by 
its  odour. 

The  nature  of  the  substance  formed  in  these  reactions  remained 
for  a  long  time  unexplained.  The  first  experiments  which  threw 
any  real  light  on  the  subject  were  those  of  Andrews  and  Tait. 
The  method  employed  by  these  investigators  was  as  follows ; — The 
oxygen  to  be  ozonised  was  enclosed  in  a  tube  terminating  in  a 
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capillary  syphon  containing  sulphuric  acid.    By  means  of  the  rise 
and  fall  of  this  liquid  in  the  limbs  of  the  syphon,  the  changes  of 
volume  of  the  gas  enclosed  in  the  tube  could  he  measured.  Two 
platinum^  wires  were  fused  into  the  oxygen  tube,  and  by  means  of 
these  a  silent  electric  discharge  was  passed  through  the  oxygen.  It 
was  observed  that,  when  the  oxygen  was  ozonised,  contraction 
occurred,  never,  however,  exceeding  ^  of  the  entire  volume.  On 
heating  the  ozonised  oxygen  to  300°,  it  regained  its  original 
volume,  and  no  longer  contained  ozone.    A  thin  sealed  glass  tube 
'Containing  a  solution  of  potassic  iodide  was  then  introduced  into 
tlie  oxygen  tube,  and  after  the  maximum  ozohisation  had  been 
attained,  the  sealed  tube  was  broken.    The  ozone  Kberated  iodine 
from  the  solution,  but  no  change  of  volume  was  observed  in  the 
gas,  and  on  heating  to  300°  no  expansion  took  place.    The  amount 
of  iodine  liberated  was  exactly  equivalent  to  the  oxygen  which  had 
apparently  disappeared  in  the  contraction  which  took  place  when 
ozone  was  formed.    It  was  thus  evident  that  ozone  in  acting  on 
potassic  iodide  yielded  its  own  volume  of  ordinary  free  oxygen 
plus  a  certain  volume  of  oxygen  employed  in  the  oxidation,  this 
last  volume  being  equal  to  the  original  contraction.    In  order  to 
determine  the  molecular  weight  of  ozone,  it  was  therefore  only  neces- 
sary to  know  the  relation  of  these  two  volumes  to  each  other,  but 
for  this  purpose  the  volume  of  ozone  present  in  the  gas  had  to  be 
ascertained.    This  was  first  accomplished  by  Soret,  who  found  that 
oil  of  turpentine  has  the  property  of  absorbing  the  entire  molecule 
of  ozone,  whilst  it  has  no  action  on  the  unchanged  oxygen  present 
in  the  mixture.    A  sample  of  ozonised  oxygen  was  divided  into 
two  parts :  one  of  these  was  subjected  to  the  action  of  heat,  and 
the  other  to  the  absorbent  effect  of  oil  of  turpentine.    It  was  found 
that  the  contraction  which  took  place  with  the  oil  of  turpentine  was 
exactly  twice  as  great  as  the  expansion  caused  by  heat.    From  this 
it  follows  that  three  volumes  of  oxygen  condense  to  form  two  of 
ozone,  or,  the  molecule  of  ozone  contains  three  atoms  (O3).  The 
oxidising  effect  of  ozone  on  potassic  iodide  is  therefore  to  be  ex- 
pressed as  follows : — 

O3    +    2KI    +    OH2    =   O2    +    I2    +  20KH. 

Ozone.         Potassic  Water.        Oxygen.  Potassic 

iodide.  hydrate. 

Properties. — Ozone  is  a  colourless  gas  possessing  an  odour 
somewhat  resembling  th-at  of  chlorine.    It  has  never  been  obtained 


OZONE, 


169 


in  the  pure  state  (unless  the  liquid  ozone  described  further  on  re- 
presents the  pure  substance),  but  is  always  diluted  with  a  large 
excess  of  oxygen.  When  dry  it  may  be  preserved  for  a  long  time. 
At  a  temperature  of  about  250°  it  is  at  once  reconverted  into 
ordinary  oxygen.  It  is  also  decomposed  by  contact  with  the  per- 
oxides of  manganese  and  lead  at  ordinary  temperatures,  these 
peroxides  apparently  nndergoing  no  change  in  the  process. 
Hydroxyl  and  ozone  mutually  decompose  each  other  with  evolu- 
tion of  oxygen : 

O3   +    {oh  =   ^^^2   +  2O2. 

Ozone.         Hjdroxyl.  Water.  Oxygen. 

Ozone  is  a  powerful  oxidising  agent.  Organic  matters  are 
rapidly  corroded  by  it.  Most  metals  are  oxidised  by  its  action. 
Silver  becomes  covered  with  a  film  of  argentic  peroxide,  which  in 
its  turn  has  the  property  of  decomposing  ozone  like  the  peroxides 
above  mentioned.  Mercury  is  also  acted  upon  by  ozone,  the 
smallest  trace  of  which  causes  the  mercury  to  lose  its  brilliant 
surface  and  to  adhere  to  glass.  The  oxidising  action  of  ozone 
depends  on  the  readiness  with  which  it  is  decomposed  into  oxygen : 

03    =    0^    +  0. 

The  molecule  of  oxygen  thus  formed  is  stable  and  inert ;  whilst 
the  atom,  being  in  the  nascent  state,  with  its  bonds  at  liberty,  is 
ready  to  combine  with  any  suitable  atoms  that  may  be  present. 
No  contraction  takes  place  in  these  oxidations,  O3  and  Og  alike 
representing  two  volumes. 

Paper  moistened  with  manganous  sulphate  turns  brown  when 
exposed  to  the  action  of  ozone,  owing  to  the  formation  of  hyd  rated 
manganic  peroxide.  Paper  stained  black  with  plumbic  sulphide 
becomes  white  when  acted  upon  with  ozone,  the  plumbic  sulphide 
(PbS)  being  oxidised  to  the  sulphate  (SO2Pbo'0. 

When  subjected  to  a  temperature  of  -  105°  produced  by  the 
evaporation  of  liquid  ethylene,  and  a  pressure  of  125  atmospheres, 
ozone  condenses  to  an  indigo-blue  liquid,  which  only  slowly  evapo- 
rates at  ordinary  pressures  (Hautefeuille  and  Chappuis). 

Some  chemists  have  described  a  third  variety  of  oxygen,  to 
which  they  gave  the  name  antozone ;  but  autozone  has  been  con- 
clusively shown  to  be  nothing  more  than  hydroxyl. 
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COMPOUNDS  OF  OXYGEN  WITH  HYDROGEN. 

WATER,  Hydric  Oxide. 

H— 0— H  OHj. 

Molecidar  weight  =  18.    Molecular  volume  CD.    1  litre  of  water- 
vapour  weighs  9  criths.    Fuses  at  0°.    Boils  at  100°. 

^  History.— ■Wa.teT  was  one  of  the  four  elements  of  the  ancients. 
Priestley  first  observed  that  when  hydrogen  is  burned  in  a  vessel 
containing  air  or  oxygen,  drops  of  water  are  deposited  on  the  sides 
<jf  the  vessel.  The  compound  nature  of  water  was  first  conclusively 
demonstrated  by  Cavendish,  Watt,  and  Lavoisier. 

Occurrence.— WsLtev  in  all  its  forms  is  widely  diffused  in  nature. 
In  the  solid  form  it  exists  as  snow  or  ice ;  in  the  liquid  state  it 

constitutes  seas,  lakes  and  rivers ;  whilst 
as  a  colourless  gas  it  is  contained  in  all 
naturally  occurring  air,  however  dry.  In 
a  state  of  minute  subdivision  it  exists 
as  clouds  and  mist.  In  combination,  it 
is  found  in  various  minerals,  particularly 
in  those  of  the  class  known  as  zeolites, 
as  water  of  crystallisation.* 

Formation. — W  ater  is  formed  by  the 
direct  union  of  hydrogen  and  oxygen 
(see  Oxygen,  p.  165).  This  union  takes 
place  in  the  proportion  of  2  volumes  of 
hydrogen  to  1  of  oxygen.  Before,  how- 
ever, proving  this  fact  directly  by  syn- 
thesis, it  will  be  convenient  to  prove  it 
indirectly  by  analysis,  employing  the 
method  of  electrolysis.  For  this  purpose 
the  apparatus  represented  in  Eig.  28, 
which  consists  of  a  U-tube  7w  contain- 
ing electrodes  of  platinum  and  connected 
with  a  reservoir  globe  b,  may  be  employed.  Water  acidulated 
with  sulphuric  acid  is  poured  into  the  globe  and  allowed  to  fill 
the  two  limbs  of  the  U-tube,  after  which  the  glass  stopcocks  are 

*  It  is  equally  possible,  however,  that  these  minerals  merely  contain  the  elements 
of  water,  which  are  evolved  as  water  when  the  mineral  is  heated:  in  other  words, 
the  water,  as  such,  is  not  pre-existent  in  the  mineral. 


Fig.  28. 
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closed.  On  passing  the  electric  current,  the  gases  will  be  evolved 
from  the  electrodes  and  will  collect  in  the  limbs  of  the  U-tube,  the 
displaced  water  rising  into  the  globe.  The  hydrogen,  which  is 
evolved  at  the  negative  electrode,  will  be  found  to  occupy  a  volume 
twice  as  great  as  that  of  the  oxygen,  which  is  evolved  at  the  posi- 
tive electrode.  The  quantity  of  oxygen  is,  however,  slightly  below 
the  theoretical  amount,  owing  to  the  gTeater  solubility  of  oxygen  in 
water,  and  also  owing  to  the  fact  that  a  small  portion  of  this  gas 
is  liberated  as  ozone,  which  occupies  only  two-thirds  of  the  volume 
of  ordinary  oxygen.  On  opening  the  stopcocks  the  pressure  of  the 
water  forces  out  the  gases,  which  may  be  identified  by  the  usual 
tests. 

After  arriving  at  these  results,  the  fact  that  2  volumes  of 
hydrogen  combine  with  1  volume  of  oxygen  to  form  2  volumes  of 
steam,  may  be  shown  by  means  of  the  apparatus  represented  in 
Fio-.  29.  A  tube  ah,  closed  at  one  end  and  known  as  a  eitdiometer,  is 
filled  with  mercury  and  inverted  over  a  tall  vessel  of  mercury.  At 
the  upper  end  of  the  eudiometer,  platinum  wires  are  fused  through 
the  glass  for  the  purpose  of  passing  an  electric  spark.    A  portion 
of  the  tube,  ac,  having  a  length  of  about  45  centimetres  measured 
from  the  top,  is  divided  by  marks  on  the  glass  into  three  parts  of 
equal  capacity.    The  whole  of  tliis  portion  of  the  eudiometer  is 
surrounded  by  a  wider  glass  tube  d,  throiigh  which  steam  from  the 
flask  /  can  be  passed.    The  eudiometer  with  the  steam-jacket  is 
supported  by  the  lower  clamp,  so  that,  by  shifting  this  clamp,  the 
whole  can  be  raised  or  lowered  in  the  vessel  of  mercury.  The 
upper  clamp  is  not  shifted  during  the  experiment :  it  fits  loosely 
round  the  tube,  and  serves  only  to  mark  a  fixed  height  above  the 
surface  of  the  mercury  in  the  vessel.    When  the  experiment  is  to 
be  performed,  the  apparatus  is  adjusted  so  that  the  position  of  this 
clamp  coincides  with  the  lowest  of  the  three  divisions  on  the 
eudiometer,  and  steam  is  passed  into  the  steam-jacket.    The  mix- 
ture of  gases  obtained  by  the  electrolysis  of  water  is  now  introduced 
so  as  to  fill  the  three  divisions  of  the  eudiometer.    The  gases  are 
thus  measured  at  100°,  and  the  height  of  the  column  of  mercury 
cb  in  the  eudiometer  tube  is  marked  by  the  upper  clamp.  The 
eudiometer  is  now  lowered  until  the  open  end  presses  against  a 
pad  of  india-rubber  at  the  bottom  of  the  mercury  vessel,  the  object 
of  this  being  to  prevent  the  expulsion  of  the  mercury  from  the 
tube  during  the  explosion.    On  passing  the  spark,  the  gases  com- 
bine and  a  flash  of  light  is  seen  to  fill  the  tube,  but  no  sound  is 
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,rd.  The  tAibe  is  now  raised  till  the  top  of  the  colunin  of 
L-cury  agam  coincides  with  tlie  upper  clamp,  when  it  will  be 


found  that  the  aqueous  vapour  fills  two  divisions  of  the  tube. 
This  measurement  is  in  every  respect  comparable  with  the  first, 
since  the  mixed  gases  on  the  one  hand  and  the  aqueous  vapour 
formed  by  their  union  on  the  other,  are  both  measured  at  the  same 
temperature,  100°  and  under  the  same  pressure — that  of  the 
atmosphere  less  that  of  the  column  of  mercury  cb.  The  aqueous 
vapour  has  no  tendency  to  condense  to  water,  since  it  is  measured 
under  reduced  pressure.  ......  . 
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It  is  thus  found  that  3  volumes  of  the  electrolytic  mixture  of 
oxygen  and  hydrogen,  consisting  of  1  volume  of  the  former  to  2  of 
the  latter,  combine  to  yield  2  volumes  of  vapour  of  water. 

On  cutting  off  the  supply  of  heating  steam,  the  aqueous  vapour 
will  condense  and  the  mercury  wQl  rise  and  fill  the  eudiometer,* 
the  volume  occupied  by  the  condensed  water  being  inappreciable.  ■ 
2.  Water  is  not  only  formed  during  the  combustion  of  hydrogen 
in  oxygen  or  air,  but  also  when  any  compound  containing  hydrogen 
is  burned  in  oxygen  or  air.  If  the  elements  combined  with  the 
hydrogen  are  readily  oxidisable,  they  will  also  unite  with  the 
oxygen. 


The  following  reactions  illustrate  this : — 


CH, 


H  + 

Marsh-gas. 


SiH,  + 

Siliciuretted 
hydrogen. 

2SH2  + 

Sulphuretted 
hydrogen. 


20,  = 


2O2  = 


Carbonic 
anhydiide. 

SiO, 

Silicic 
anhydride. 


2OH2. 

Water. 


+  2OH2 
Water. 


30o    =  2S0 


2  + 

Sulphurous 
anhydride. 


2OH2. 

Water. 


3.  Water  is  formed  as  a  secondary  product  in  numberless  other 
chemical  reactions,  as  for  instance  in  the  action  of  acids  on  the 
hydrates  of  the  metals : 

HCl    =    OH2    +  KGl. 

Water. 


OKH 

Potassic 
hydrate. 


+ 

Hydrochloric 
acid. 


Potassic 
chloride. 


In  like  manner  it  is  produced  when  the  elements  of  water  are 
eliminated  from  some  compounds  uiider  the  influence  of  heat  or 
dehydrating  agents  : 


CaHo2   =   CaO  + 

Calcic  hydrate.     Calcic  oxide. 


Water, 


4.  Water  is  formed  when  certain  oxides  are  heated  in  a  current 
of  hydrogen.  The  oxygen  combines  with  the  hydrogen  to  form 
water,  and  the  metal  is  reduced  to  the  metallic  state.    Thus :  . 


CuO 

Cupric  oxide. 


Cu    +  OH2. 

Water. 


*  Always  supposing,  of  course,  that  the  height  of  the  eudiometer  above  the 
surface  of  the  mercury  is  not  greater  than  that  of  the  barometer  less  the  tension  of 
aqueous  vapour  for  the  prevailing  temperature. 
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This  reaction  has  been  employed  to  determine  the  proportions  by 
weight  m  which  oxygen  and  hydrogen  combine  to  form  water.  For 
this  purpose  a  weighed  quantity  of  cupric  oxide  is  heated  to  redness 
m  a  current  of  perfectly  dry  hydrogen.  The  water  which  is  formed 
in  the  reaction  is  absorbed  in  a  weighed  tube  filled  witli  some  sub- 
stance which  has  a  powerful  affinity  for  water,  such  as  phosphoric 
anhydride  or  pumice  moistened  with  sulphuric  acid.  The  increase 
m  weight  of  this  tube  gives  the  weight  of  water  formed.  The  loss 
of  weight  of  the  tube  with  the  cupric  oxide  determines  the  weight 
of  oxygen  consumed.  The  difference  of  these  two  values  is  the 
weight  of  hydrogen.  In  this  way  it  has  been  found  that  1  part 
by  weight  of  hydrogen  combines  with  8  parts  by  weight  of  oxygen 
to  form  water.  ° 

Properties.— Pure  water  is  a  tasteless,  inodorous  liquid.  In 
layers  of  only  moderate  thickness  it  appears  colourless ;  but  when 
viewed  in  a  layer  several  yards  thick,  it  is  seen  to  possess  a  pecu- 
liar bluish-green  tint,  somewhat  resembUng  that  of  the  edge  of  a 
sheet  of  window-glass.  Water  solidifies  at  0°  to  ice,  and  boils 
at  100°  under  a  pressure  of  760  millimetres.  The  melting  of  ice 
and  the  boiling  of  water  are  employed  to  fix  the  points  of  0°  and 
100°  on  the  centigrade  thermometer.  Water  is  a  bad  conductor  of 
heat  and  electricity.  The  rapid  equalisation  of  temperature  which 
takes  place  in  a  mass  of  water,  particularly  when  heat  is  applied 
to  it  from  beneath,  is  due  to  convection  currents. 

Between  the  temperatures  of  0°  and  4°  water  forms  a  remark- 
able exception  to  the  law  of  expansion  of  bodies  under  the  in- 
fluence of  heat,  inasmuch  as  between  these  temperatures  it  contracts 
when  heated,  and  expands  in  cooKng.  Above  the  temperature  of 
4°  it  expands  in  the  usual  manner  when  heated.  This  point  of  4° 
j-jQ  30.  is  therefore  known  as  the  point  of  maxi- 

mum density  of  water,  and  it  is  to  this 
density  (=  1)  that  the  densities  of  solids 
and  liquids  are  referred.  The  fact  that 
the  density  of  water  is  greatest  at  4° 
may  be  shown  by  the  following  experi- 
ment. A  tall  glass  cylinder  (Fig.  30) 
filled  with  water  of  ordinary  tempera- 
ture, is  furnished  with  two  thermo- 
meters, one  at  the  surface,  the  other  at 
the  bottom,  of  the  liquid.  Eound  the 
middle  of  the  vessel  on  the  outside  is  a 
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second  vessel  filled  with  a  freezing  mixture.  When  the  cold  is 
applied  it  will  be  seen  that  the  lower  thermometer  begins  to  sink, 
whilst  the  upper  one  remains  almost  stationary,  and  this  continues 
tiU  the  lower  thermometer  registers  4°,  when  the  temperature  at 
the  bottom  of  the  vessel  remains  constant.  After  a  short  time,  the 
upper  thermometer  begins  to  fall  and  does  not  stop  till  the  freezmg- 
point  is  reached  and  ice  is  formed. 

In  soKdifyincr,  water  undergoes  sudden  expansion,  ihe  specitic 
crravity  of  water  at  0°  is  0-99987  ;  that  of  ice  at  the  same  tempera- 
ture is  0-91662.  Most  other  substances  contract  in  passing  from 
the  liquid  to  the  solid  state.  Ice  floats  readily  on  the  surface  of 
water  The  force  which  can  be  exerted  by  the  expansion  of  water 
in  freezing  is  enormous.  A  cast-iron  shell  fiUed  with  water  and 
closed  by  means  of  a  screw,  may  be  burst  by  exposing  it  to  a 
freezing  temperature.  The  splitting  and  crumbUng  of  rocks  m 
winter  is,  in  like  manner,  produced  by  the  freezing  and  expansion 
of  the  water  which  has  penetrated  into  their  crevices. 

The  solidification  of  water  is  in  reality  a  crystallisation,  though 
it  is  difficult  to  obtain  ice  in  distinct  crystalline  forms.  These  may 
be  seen,  however,  in  the  case  of  snow,  the  flakes  of  which  when 
magnified,  exhibit  the  form  of  six-pointed  stars.  The  crystaUo- 
graphical  system  is  hexagonal. 

Water  is  an  excellent  solvent  for  a  great  number  of  substances, 
and  in  this  character  plays  a  most  important  part  both  in  nature 
and  in  the  laboratory.  The  water  which  filters  through  rocks  and 
soils,  extracts  from  these  a  portion  of  their  soluble  constituents. 
The  dissolved  substances  are  carried  by  rivers  into  the  sea  or  into 
inland  lakes  without  outlet.  In  every  case  evaporation  goes  on, 
producing  concentration,  and  the  water  is  returned  in  a  distiUed 
form  as  rain  or  dew  to  the  land  to  repeat  this  process  of  extraction. 
In  this  way  the  sea  and  the  salt  lakes  have  received  the  solid  sub- 
stances held  in  solution,  the  quantity  of  which  is  constantly, 
though  very  slowly,  increasing.  (For  a  description  of  the  vario\is 
substances  contained  in  natural  waters,  see  Calcium.) 

The  subject  of  solubility  of  salts  in  water  has  been  treated  of  at 
some  length  in  the  Introduction  (p.  117). 

Reactions.— 1.  By  the  action  of  water  many  metallic  oxides  are 
converted  into  hydrates : — 

OK2    -h    OH2    =  20KH. 

Potassic  Water.  Potassic 

oxide.  hydrate. 
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BaO    +    OH,.  =  BaHo,. 

Bane  oxide.        Water.  Baric  hydrate. 

2.  It  transforms  many  anhydrides  into  acids 

N,0,    +    OH,    =  2NO,Ho. 

Nitnc  anhjdride.       Water.  Nitric  acid. 

SO3    +    OH,    =  SO,Ho,. 

Siilphuric         Water.  Sulphuric 
anhydride.  acid. 

P2O5    +    30H,    =  2POH03. 

Phosphoric  Water.  Phosphorio 

anhydride.  acid. 

3.  It  also  unites  moleciilarly,  as  water  of  crystaUisation,  with 
many  compounds  to  form  aquates  (see  p.  15),  as  in  the  foUowin^^ 
instances : —  ^ 

BaCl2,20H2   Baric  chloride. 

SO^Nao^lOOH,    Sodic  sulphate. 

S,03Ko,('Ar",06)vi,240H,..  Alum. 

For  a  description  of  some  other  subjects  connected  with  water 
—latent  heat  of  water,  and  of  steam,  tension  of  aqueous  vapour, 
absorption  of  gases  by  water,  &c.,  see  Introduction. 

HYDROXYL,  Eydric  Peroxide. 
H-O-j-O-H  Ho,or{gg. 

PrdbcMe  molemlar  weight  =  34. 

History.. — Hydroxyl  was  discovered  by  Thenard  in  1818. 

Occurrence. — It  occurs  in  very  smaU  quantities  in  the  atmo- 
sphere, and  in  dew,  rain  and  snow. 

reparation. — 1.  A  dilute  solution  of  hydroxyl  may  be  obtained 
by  passing  a  current  of  carbonic  anhydride  through  water  in  which 
baric  peroxide  is  suspended : — 

^Ba"    +    CO,    +    OH,    =    COBao"  + 

Baric  Carbonic  Water.  Baric  Hydi-oxyl. 

peroxide.  anhydride.  carbonate. 

2.  The  most  convenient  method  of  preparing  hydroxyl  con- 
sists in  dissolving  moist  hydrated  baric  peroxide  in  dilute  sulphuric 
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acid  (Tliomsen,  Ber.  d.  deutsch.  chem.  Ges.,  7,  73).  The  pure  moist 
hydrated  baric  peroxide,  which  should  be  preserved  moist  from  the 
time  of  its  preparation,  is  gradually  added  to  the  dilute  sulphuric 
acid  (1  part  of  concentrated  acid  to  5  of  water),  care  being  taken 
to  leave  the  acid  slightly  in  excess.  The  liquid  is  filtered  from 
the  baric  sulphate,  and  the  excess  of  sulphuric  acid  is  removed 
from  the  filtrate  by  precipitating  exactly  with  baryta-water.  The 
liquid,  again  filtered  from  the  baric  sulphate,  now  contains  nothing 
but  hydroxyl  and  water.  The  water  must  be  removed  by  evapora- 
tion at  ordinary  temperatures  in  vacuo  over  sulphuric  acid,  as 
hydroxyl  is  rapidly  decomposed  by  boiling.  In  this  way  the  solu- 
tion may  be  concentrated  till  a  specific  gravity  of  1-452  is  attained, 
when  the  liquid  evaporates  without  change  in  the  composition  of 
the  residue. 

Properties. — Hydroxyl  is  a  colourless,  slightly  syrupy  liquid, 
devoid  of  odour,  and  possessing  a  strong  metallic  taste.  It  bleaches 
and  blisters  the  skin.  It  does  not  solidify  at  —30°.  At  ordinary 
temperatures  it  is  gradually  and  spontaneously  decomposed  into 
oxygen  and  water ;  when  heated  to  100°  this  decomposition  takes 
place  with  explosive  violence.  When  diluted  with  water,  or  in 
presence  of  a  small  quantity  of  sulphuric  acid,  it  is  much  more 
stable. 

Like  ozone  and  all  other  bodies  which  are  formed  with  absorp- 
tion of  heat,  hydroxyl  is  particularly  sensitive  to  catalytic  action. 
Platinum,  or  carbon,  in  a  finely  divided  state,  effect  its  instantaneous 
decomposition  into  oxygen  and  water,  these  substances  apparently 
undergoing  no  change  in  the  process.  Platinum  does  not  possess 
any  marked  affinity  for  the  elements  of  hydroxyl,  nor  does  carbon 
at  ordinary  temperatures.  On  the  other  hand,  iron,  tin,  and  anti- 
mony are  without  action  on  hydroxyl,  though  their  af&nity  for 
oxygen  is  very  great. 

The  general  characteristics  of  hydroxyl  are  those  of  a  powerful 
oxidising  agent.  Finely  divided  metallic  arsenic  is  converted  by 
It  into  arsenic  acid,  with  evolution  of  heat  and  light.  Black 
plumbic  sulphide  (PbS)  is  converted  into  the  white  sulphate 
(SOgPbo').  Por  this  reason,  hydroxyl  is  employed  in  restorino- 
0  d  pamtings  in  which  the  white  lead  has,  in  course  of  time  beeS 
blackened  by  sulphurous  exhalations.  It  also  bleaches  organic 
colourmg  matters,  changing  the  colour  of  dark  hair  to  pale  gold  a 
property  which  has  led  to  its  use  as  a  hair-dye. 

But  it  also  acts  as  a  deoxidising  agent.    Argentic  oxide  and 
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hyclroxyl  mutually  decompose  each  other,  yielding  metallic  silver, 
water,  and  free  oxygen : 

OAg^    +    |gg    =    2Ag    +  +  0,. 

Argentic  oxide.       Hydroxyl.  Water. 

Silver  has  a  very  slight  affinity  for  oxygen,  and  its  oxide  is 
easily  decomposed.  The  atom  of  oxygen  given  off  by  the 
hydroxyl  combines  with  that  of  the  oxide  of  silver  to  form  a  mole- 
cule of  free  oxygen,  liberating  metallic  silver.  By  this  reaction 
Brodie  first  demonstrated  the  diatomic  character  of  the  oxygen 
molecule ;  for  if  an  excess  of  either  reagent  be  employed,  tliis  excess 
remains  unaltered.  The  oxides  of  gold  and  platinum  behave 
similarly  with  hydroxyl.  These  reactions  take  place  with  almost 
explosive  violence. 

An  analogous  mutual  decomposition  occurs  when  hydroxyl  is 
brought  in  contact  with  various  peroxides,  such  as  those  of  man- 
ganese and  lead.  The  hydric  peroxide  is  reduced  to  water,  and  the 
metallic  peroxide  to  the  salifiable  oxide,  whilst  the  two  oxygen 
atoms  thus  liberated  unite  to  form  a  molecule  of  oxygen  as  in  the 
cases  already  described : — 


-f    Mn02    =    OH2    +    MnO    +  O2. 


Hydroxyl.  Manganic  Water.  Manganous 

peroxide.  oxide. 

A  similar  case  is  the  mutual  decomposition  of  ozone  and 
hydroxyl  with  formation  of  water  and  liberation  of  oxygen  (see 
p."  169). 

Hydroxyl  precipitates  the  hydrates  of  calcixim,  barium,  and 
strontium  from  their  solutions  in  the  form  of  peroxides : — 

BaHo^    -f  =     |o^a-    +  2OH2. 

Baric  hydrate.       Hydroxyl.        Baric  peroxide.  Water. 

If  to  a  solution  of  hydroxyl  acidulated  with  srdphuric  acid  a 
few  drops  of  potassic  dichromate  be  added,  the  unstable  compound, 
perchromic  acid,  is  formed.  On  agitating  the  mixture  with  ether, 
the  perchromic  acid  will  be  extracted  from  the  aqueous  solution, 
imparting  to  the  supernatant  ether  a  magnificent  but  fugitive  blue 
colour.  This  reaction  is  characteristic  of  hydi'oxyl,  as  no  other 
known  substance  effects  the  oxidation  of  chromic  to  perchromic  acid. 


COMPOUNDS  OF  CHLOEINE. 


Hydroxyl,  like  other  oxidising  agents,  liberates  iodine  from 
potassic  iodide,  as  may  be  shown  by  the  blue  colour  which  is  pro- 
duced when  starch-paste  has  been  added  to  the  solution  of  the 
iodide.  Hydroxyl  is,  however,  the  only  oxidising  agent  which  can 
liberate  iodine  in  presence  of  ferrous  sulphate. 

Hydroxyl  is  soluble  in  ether,  and  may  be  extracted  from  an. 
aqueous  solution  by  shaking  with  this  solvent.  The  ethereal 
solution  is  more  stable  than  the  aqueous  solution,  and  may  be 
distilled  without  decomposition. 


COMPOUNDS  OF  CHLORINE  WITH  OXYGEN  AND 

HYDROXYL. 

Chloriae  forms  several  compounds  both  with  oxygen  alone 
and  with  oxygen  and  hydroxyl;  but  none  of  these  can  be  pro- 
duced by  direct  combination.  The  following  list  contains  all  that 
are  known : — 


Hypochlorous  anhydride. 


OCL 


Chloric  peroxide  "   'O'(OCl) 


CI— 0— CI.. 
CI— 0—0— 


/O 

or'^'Cr^O,    ccif  * 
I  o 


Hypochlorous  acid 
Chlorous  acidt 

Chloric  acid  .... 
Perchloric  acid  . . 


OCIH,  or     ClHo.       H— 0— CI 

H— 0—0— CI 


OClHoor  i^^. 

roci  r?*^i 

loHo 


H— 0— 0— 0— Cl 


or 


OH 
OCl 

Q  .  H— 0— 0— 0— 0— Cl 
.OH 


*  See  Periodates.    Atomicity  of  Iodine. 

t  Chlorous  anhydride,  CI2O3,  has  not  been  prepared.  What  was  formerly  believed 
to^  be  this  compound  has  been  conclusively  shown  to  be  nothing  more  than  a 
mixture  of  chloric  peroxide  with  free  chlorme  (Garzarolli-Thurnlackh,  Liehiq's 
4ra«aZe»,  209,  184), 
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HYPOCHLOROUS  ANHYDRIDE. 


Molecular  weight  =  87.    Molecular  volume  OJ-    1  litre  of  hypo- 
Morons  anhydride  vapour  weighs  43-5  criths.     Boils  about 


Preparation.— Rj]iochloTOus  anhydride  is  obtained  by  passing 
chlorine  over  mercuric  oxide  at  a  low  temperature  :— 


The  mercuric  oxide,  which  must  be  prepared  by  precipitation 
and  dried  at  a  temperature  not  exceeding  300°  is  conveniently 
contained  in  a  horizontal  tube  through  which  a  current  of 
chlorine  thoroughly  dried  by  sulphuric  _  acid  slowly  passes.  The 
apparatus  terminates  in  a  U-tube  surrounded  by  a  freezing  mix- 
ture, and  in  this  tube  the  hypochlorous  anhydride,  liquefied  by 
cold,  collects. 

Properties. — Hypochlorous  anhydride  is,  at  ordinary  tempera- 
tures, a  yellowish  gas,  possessing  an  odour  somewhat  resembling 
that  of  chlorine.  By  means  of  a  freezing  mixture  it  may  be  con- 
densed to  an  orange-red  liquid  boiling  about  20°.  It  is  a  very  mistable 
compound  and  decomposes  readily  into  its  elements  with  explosion 
and  evolution  of  beat.  A  slight  shock,  even  the  scratch  of  a  file 
on  the  vessel  in  which  it  is  contained,  is  often  sufficient  to  deter- 
mine its  violent  explosion.  Exposure  to  direct  simlight  has  the 
same  effect.  The  application  of  a  flame  also  produces  explosion, 
but  with  less  violence.  Arsenic,  phosphorus,  and  the  alkali 
metals  ignite  in  contact  with  it,  at  the  same  time  causing  its 
explosion. 

"Water  dissolves  200  times  its  volume  of  the  gas,  forming  a 
yellow  solution  of  hypoclilorous  acid,  which  possesses  powerful 
bleaching  and  oxidising  properties. 


20° 


Mercuric  oxide. 


Mercuric 
oxychloride. 


Hypochlorous 
anhydride. 


CHLORIC  PEROXIDE. 
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CHLORIC  PEROXIDE. 

'O'(OCl)  or  '"CPO2. 

.Molecular  loeight  =  67-5.    Molecular  volume  CD'    1        of  chloric 
peroxide  vapour  weighs  33-75  criths.    Boils  at  20°. 

History. — This  compound  was  discovered  by  Davy  in  1815. 
Preparation.— Chloric  peroxide  is  obtained  by  the  action  of 
concentrated  sulphuric  acid  on  potassic  chlorate:— 

3  +  2SO,Ho2  =  <^  0      +  2SO2H0K0  +  OH2  +  2'O'(0Cl). 

Potassic       Siilpburic        Potassic      Hydric  potassic     Water.  Chloric 
chlorate.         acid.         perchlorate.        sulphate.  peroxide. 

The  finely  powdered  potassic  chlorate  (1  part)  is  added  in  small 
portions  to  the  concentrated  sulphuric  acid  (5  parts),  avoiding  any 
rise  of  temperature.  On  very  gently  warming  the  retert  contain- 
ing the  mixture,  by  surrounding  it  with  warm  wateui,  the  gas  is 
evolved.  Care  must  be  taken  that  the  level  of  the  liquid  inside 
the  retort  is  higher  than  that  of  the  water  outside,  otherwise  an 
explosion  may  occur  owing  to  the  heating  of  the  gas. 

Properties. — Chloric  peroxide  is  a  greenish-yellow  gas,  possess- 
ing an  irritating  odour.  It  must  be  collected  by  displacement,  as 
it  attacks  mercury  and  is  soluble  in  water,  which  takes  up  twenty 
times  its  volume  of  the  gas.  Exposed  to  the  cold  of  a  mixture  of 
snow  and  salt,  it  condenses  to  a  dark-red  liquid  which  solidifies  in 
a  bath  of  liquid  carbonic  anhydride  and  ether. 

It  is  a  very  unstable  and  dangerous  compound,  frequently 
exploding  from  the  slightest  cause.  It  is  a  powerful  oxidising 
agent.  Phosphorus,  organic  and  other  combustible  substances, 
ignite  when  brought  in  contact  with  it.  If  a  drop  of  concentrated 
sulphuric  acid  be  allowed  to  fall  on  a  mixture  of  equal  parts  of 
potassic  chlorate  and  sugar  (separately  powdered  and  cautiously 
mixed  on  a  card  with  a  feather),  the  chloric  peroxide  thus  liberated 
ignites  the  sugar,  and  the  whole  mass  deflagrates  brilliantly. 

If  the  aqueous  solution  of  chloric  peroxide  be  saturated  with 
a  base,  a  mixture  of  chlorate  and  chlorite  is  formed  : — 

20KH    +    2'O'(0Cl)   =    1^^^^    +    OClKo    +  OH^. 

Potassic         Chloric  peroxide.        Potassic  Potassic  Water, 

hydrate.  chlorate.  chlorite. 
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As  the  molecular  formula  of  chloric  peroxide,  deduced  from' its 
vapour-density,  is  C10„  this  compound  can  be  formulated  only  oi> 
the  supposition  that  its  gaseous  molecule  contains  either  one  or 
three  unsatisfied  bond^.* 


HYPOCHLOROUS  ACID. 

OCIH  or  ClHo. 

Molemlar  weight  =  52-5. 

Preparation.— 1.  Hypochlorous  acid  is  formed  by  the  action  of 
water  on  hypochlorous  anhydride : — 

OCI2    +    OH2    =  2ClHo. 

Hypochlorous       Water.  Hypochlorous 
anhydride.  acid. 

2.  If  chlorine  water  be  shaken  with  an  excess  of  precipitated 
mercuric  oxide,  the  yellow  colour  of  the  solution  rapidly  disap- 
pears, and  hypochlorous  acid  along  with  mercuric  oxychloride  is 
formed : — 

2HgO    +    OH2    -f-    2CI2  =    ^  0        +  2C1H0. 

LHgCl 

Mercuric  Water.  Mercuric  Hypochlorous 

oxide.  oxychloride.  ncil. 

The  solution  of  hypochlorous  acid  may  be  decanted  from  the  in- 
soluble oxychloride.    If  only  1  molecule  of  mercuric  oxide  is 

*  Several  similar  cases  are  known,  thus : — 

Nitric  oxide   'N"0  or  "'N"0. 

Nitric  peroxide  (at  140°)    'N'^Og  or  '"Nq  j 

HypoTanadic  chloride    "V'^'Cl^. 

Molybdic  pentachloride    'Mo'^C'ls. 

Tungstic  j)entachloride . .  . ,   '  WCI5. 

The  above  are  the  molecular  formulsB  of  these  compounds  as  deduced  from  their 
vapour-densities,  and  in  every  case  the  presence  of  an  odd  number  of  unsatisfied 
bonds  must  be  assumed.  It  is  perfectly  conceivable,  hovrever,  that  in  the  liquid  or 
solid  state,  two  such  molecules  mutually  satisfy  each  other's  affinity,  so  as  to  pro- 
duce a  saturated  molecule  of  twice  the  molecular  weight.  In  fact,  in  the  case  of 
nitric  peroxide,  the  vapour- density  just  above  the  boiling  point  of  this  compound 

corresponds  rather  with  the  formula  than  with  the  formula  'N'^Og.  Nitric 

oxide,  and  chloric  peroxide,  in  some  of  their  reactions,  behave  as  if  they  possessed 
molecular  formulae  twice  as  great  as  those  deduced  from  their  vapour-densities. 


1 8S 

HYPOOHLOEOUS  ACID, 

employed  for  eveiy  2  molecules  of  chlorine,  hypochlorons  acid  is 
formed'  as  before;  but  a  chloride  instead  o  an  oxychWe  f 
mercury  is  formed,  and  remains  in  solution  along  with  the  hypo- 
chlorous  acid.    Thus : — 

HgO    +    OH2    +    2C1,    =    HgCl,    +  2C1H0. 

TVT  Wfiter  Mercuric  Hypochlorous 

3  Another  method  consists  in  adding  to  a  solution  of  bleach- 
ing-powder  (Ca(OCl)Cl)  dilute  nitric  acid  in  quantity  sufBcient  to 
saturate  haK  the  calcium  :— 

2Ca(0Cl)Cl  +  2NO,Ho  =  CaCl,  +  ^  Cao"  +  2ClHo. 

Bleaching-  Nitric  acid.  Calcic  Calcic  HypoclilorouB 

powder  chloride.         nitrate.  acid. 

On  subjecting  the  mixture  to  distillation,  an  aqueous  solution  of 
hypochlorous  acid  passes  over. 

Properties.— Hypochlorous  acid  has  not  been  prepared  in  a 
state  of  purity.  The  aqueous  solution  produced  by  the  absorption 
of  hypochlorous  anhydride  in  water  is  a  yellow  liquid  of  a  penetrat- 
inc^  odour,  possessing  powerful  oxidising  properties.  Black  plumbic 
sulphide  is  changed  by  it  into  white  plumbic  sulphate.  Only  the 
dilute  aqueous  solution  can  be  distilled  without  decomposition. 

Hypochlorous  and  hydrochloric  acids  mutually  decompose  each 
other,  yielding  chlorine  and  water  :— 

ClHo    +    HCl    =     Cla    +  OH2. 

Hypochlorous    Hydrochloric  Water, 
acid.  acid. 

The  chlorine  is  thus  evolved  from  both  compounds. 

In  like  manner  a  mutual  decomposition  takes  place  between 
hypochlorous  acid  and  argentic  oxide,  both  compounds  giving  off 
oxygen  :— 

OAg2    +    2CIH0    =    2AgCl    +    OH.2    +  O2. 

Argentic        Hypochlorous        Argentic  Water, 
oxide.  acid.  chloride. 

Hypochlorites. — Hypochlorous  acid  converts  metallic  oxides  and 
hydrates  into  hypocMorites  : — 

OKH    +    ClHo    =    ClKo    +  OH,. 

Potassic       Hypochlorous       Potassic  Water, 
hydrate.  acid.  hypochlorite. 
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Hypochlorous  acid  is  a  very  weak  acid.    The  carbonic  anhv 
Iride  o  the  air  is  able  to  expel  the  acid  from  the  moist  salts 
hypochlorites  are  almost  unknown  in  a  state  of  purity 

When  chlorine  is  passed  into  a  cold  dilute  solution  of  an  alka 
line  hydrate,  a  mixture  of  chloride  and  hypochlorite  is  formed 

20KH    +    CI,    =    KCl    +    ClKo    +  OH 

Potaaa.  hydrate.  p  ,  ^^^^^.^    +  ^^^^2. 

chlonde.  hypochlorite. 

But  when  the  hydrate  of  an  alkahne  earth  is  employed  the 
dyad  character  of  the  metal  determines  the  formation a  com 
pound  which  IS  simultaneously  a  chloride  and  a  hypochlorite,  one 
of  the  bonds  being  united  with  chlorine  and  the  other  w'^h 
chloroxyl.  Thus  the  calcium  compound  (bleaching-powder)  has  the 
grapliic  formula  CI— Ca— 0— CI puwuer;  nas  tiie 

CaHo,    +    CI2    =    Ca(OCl)Cl    +  OH 

Calcic  hydrate.  Bleaching-powder.  Water. 

^  Many  chemists  have  considered'  that  bleaching-powder  is  a 
mixture  of  calcic  chloride  with  calcic  hypochlorite  in  molecular 
proportions;  but  the  properties  of  the  compound  do  not  support 
this  view.  Calcic  chloride  is  deliquescent  and  soluble  in  alcohol  • 
whereas  bleaching-powder,  if  properly  prepared,  does  not  deli- 
quesce, and  no  calcic  chloride  can  be  extracted  from  it  with 
alcohol. 

By  the  action  of  the  stronger  acids  bleaching-powder  yields  free 
chlorine : — 

Ca(OCl)Cl    -f    SO^Ho,    =    SO^Cao"    -f-    OH,    +  CI 

Bleaching-powder.      Sulphuric  acid.      Calcic  sulphate.  Water. 


CHLORIC  ACID. 

roci  rp^^ 

Molecular  weight  =  84*5. 

History. — This  compound  was  discovered  by  Berthollet  in 
1786. 

Preparation— Chloric  acid  is  prepared  by  the  action  of  dilute 
sulphuric  acid  upon  baric  chlorate  :— 


I 


CHLOKIC  ACID. 

fOCl 

.  Bao"    +  =   ^iono    +  ^0,B^o." 

0 

^OCl 

Baric  chlorate.      Sulphuric  acid.       Chloric  acid.         Baric  sulphate. 

The  point  of  complete  precipitation  must  be  exactly  attained,  so 
that  no  excess  of  either  reagent  is  present.  This  may  be  ascer- 
tained by  testing  a  couple  of  samples  of  the  supernatant  liquid- 
one  with  sulphuric  acid  and  the  other  with  baric  chlorate.  No 
precipitate  ought  to  be  produced  in  either  case.  The  clear  liquid 
must  be  decanted  from  the  precipitate  of  baric  sulphate,  and 
evaporated  in  vacuo  over  sulphuric  acid.  In  this  way  it  may  be 
concentrated  till  it  contains  40  per  cent,  of  chloric  acid,  beyond 
wliich  point  it  decomposes. 

Properties. — Thus  prepared,  chloric  acid  is  a  syrupy  liquid 
of  a  yellowish  colour,  possessing  powerful' oxidising  properties.- 
A  few  drops  of  the  acid  falling  upon  paper  produce  instantaneous 
ignition.  Sulphur  and  phosphorus  are  also  inflamed  by  it.  The 
dilute  solution  bleaches  vegetable  colours.  It  is  a  monobasic 
acid. 

By  boiling,  it  is  decomposed  into  perchloric  acid,  water,  chlorine, 
and  oxygen : — 


HOHO    =  +  +    CI,    +  20, 

Chloric  acid.       Perchloric  acid.  Water. 


2- 


Chlorates, — Potassic  chlorate  may  be  prepared  by  passing  an 
excess  of  chlorine  into  a  hot  concentrated  solution  of  potassic 
hydrate : — 

60KH    +    3CI2    =    5KC1    +     I^^^Q     +  30H 

Potassic  Potassic  Potassic  Water, 

hydrate.  chloride.  chlorate. 

The  chlorate  is  less  soluble  than  the  chloride,  and  separates  out  in 
tabular  crystals.    It  may  be  purified  by  recrystallisation. 

Calcic  chlorate  is  formed  when  chlorine  is  passed  through 
boiling  milk  of  Itme : — 
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6CaHo2   +    6CI2     =  ^ 


roci 

d 

Cao"  +    5CaCL  +  60H,. 


0 
^OCl 

Calcio  hydrate.  Calcic  Calcic  Water 

chlorate.  chloride. 

By  the  addition  of  potassic  chloride  to  the  calcic  chlorate 
potassic  chlorate  is  formed;  the  latter  is  then  separated  from  the' 
very  soluble  calcic  chloride  by  crystallisation  :— 


fOCl 

■i  Cao"    +    2KC1    =     2(9.?}  + 
^OCl 

Calcic  chlorate.        Potassic  Potassic  Calcic 

chloride.  chlorate.  chloride 


CaCla. 


This  is  the  method  by  which  potassic  chlorate  is  prepared  on  a 
large  scale. 

All  the  chlorates  are  soluble  in  water  and  many  are  deli- 
quescent. 

The  clilorates  yield  no  precipitate  with  argentic  nitrate ;  but,  on 
ignition,  they  part  with  their  oxygen,  and  the  resultmg  chloride, 
when  dissolved  in  water,  gives  with  argentic  nitrate  a  white  precipi- 
tate of  argentic  chloride.  Treated  with  concentrated  sulphuric 
acid,  the  dry  chlorates  evolve  a  yellow  gas  (ClOg). 

PERCHLORIC  ACID. 

roci 

J  0 

.OH 

Molecular  weight  =  100"5. 

History/. — Perchloric  acid  was  discovered  by  Count  Stadion  in 
1815. 

Preparation. — It  has  already  been  mentioned  (p.  185)  that  per- 
chloric acid  is  formed  when  chloric  acid  is  heated.  The  best 
method,  however,  of  obtaining  it  consists  in  decomposing  a  per- 
chlorate  with  sulphuric  acid : — 


PERCHLORIC  ACID. 

r  OCl  fo^^i 
.  2J  0       +    S0,H02    =    2.^  0       +  SO2K02. 

Potassic      Sulphuric  acid.  Perchloric  Potassic 

perclilorate.  ^"d.  sulphate. 

Pure  dry  potassic  perchlorate  is  distilled  from  a  small  retort 
with  four  times  its  weight  of  concentrated  (previously  boiled)  sul- 
phuric acid.  At  a  temperature  of  110°  dense  fumes  are  evolved 
and  a  colourless  or  slightly  yellow  Hquid,  consisting  of  pure  per- 
chloric acid,  distils  over.  If  the  distillation  be  continued,  the 
liquid  distniate  solidifies  to  a  crystaUine  mass,  consisting  of  an 

aquate  of  the  formula  ^  0     ,  OH2.    If  this  crystalUne  aquate  be 

LOHo 

re-distilled,  it  breaks  up  into  the  pure  acid,  which  passes  over 
first,  and  an  aqueous  acid  boiling  at  203°  (Eoscoe). 

Properties. — Pure  perchloric  acid  is  a  colourless  volatile  liquid 
with  a  specific  gravity  of  1-782  at  15-5°.  It  fumes  strongly  in 
contact  with  moist  air.  It  is  one  of  the  most  powerful  oxidising 
agents  known:  brought  in  contact  with  organic  substances,  it 
causes  them  to  inflame  with  explosive  violence.  A  few  drops, 
falling  upon  charcoal,  produce  ignition  and  explosion.  In  contact 
with  the  skin,  it  causes  dangerous  wounds  which  do  not 
heal  for  months.  The  pure  acid  cannot  be  redistilled  without 
decomposition :  the  liquid  in  the  retort  becomes  gradually  darker 
in  colour,  and  ultimately  explodes.  Perchloric  acid  decomposes 
spontaneously  at  ordinary  temperatures,  and  sealed  glass  tubes 
containing  this  substance  burst  from  the  internal  pressure  even 
when  kept  in  the  dark. 

Aqueous  perchloric  acid  reddens  litmus,  but  does  not  bleach. 
Unlike  the  other  oxygen  acids  of  chlorine,  it  is  not  reduced,  in  a 
diluted  state,  by  sulphurous  anhydride  or  sulphuretted  hydrogen. 

Preparation  of  Potassic  Perchlorate. — 1.  When  potassic  chlorate 
is  heated,  it  fuses  and  gives  oft'  oxygen,  but  after  a  short  time  the 
fused  mass  becomes  pasty  and  the  evolution  of  gas  ceases.  In 
order  to  expel  the  remainder  of  the  oxygen,  a  much  higher  tem- 
perature is  necessary.  If  the  operation  be  interrupted  at  the  end 
of  this  first  stage,  it  will  be  found  that  only  one-third  of  the  total 
oxygen  from  the  chlorate  has  been  expelled,  and  that  the  fused 
mass  in  the  retort  contains,  along  with  potassic  chloride,  a  new 
salt,  potassic  perchlorate : — 
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^ioKo    =    KCl    +    Jo       +  0,. 

Potassic  Potassic  Potassic 

chlorate.  chloride.  perchlorate. 

The  fused  mass  is  powdered  and  treated  with  water  to  remove 
the  potassic  chloride.  The  undissolved  residue  is  digested  with 
warm  hydrochloric  acid  so  long  as  chlorine  or  its  oxides  are 
evolved,  and  m  this  way  any  unaltered  chlorate  is  converted  into 
chloride.  A  final  washing  with  water  removes  the  chloride  leav. 
ing  the  perchlorate  in  a  state  of  purity. 

2.  When  potassic  chlorate  is  gradually  added  to  boilincr  nitric 
acid,  chlorine  and  oxygen  are  evolved,  whilst  potassic  nitrate  and 
perchlorate  are  formed  : — 

{oci  r  oci 

OKo  +  2]SrO,Ho  =  2NO,Ko  +  OH,  +  <^  0    +01^  +  20,. 

LOKo 

Potassic  Nitric  Potassic        Water.  Potassic 

chlorate.  acid.  nitrate.  perchlorate. 

These  salts  are  then  separated  by  crystallisation. 

Potassic  perchlorate  is  soluble  in  65  parts  of  water  at  15°. 

The  perchlorates  are  aU  soluble  in  water,  and  some  of  them  are 
deliquescent.  They  require  a  higher  temperature  for  their  decom- 
position than  the  chlorates  ;  they  are  not  attacked  by  hydrochloric 
acid,  and  do  not  yield  chloric  peroxide  when  heated  with  con- 
centrated sulphuric  acid. 


CHAPTEE  XXIV. 

TRIAD  ELEMENTS. 

Section  I. 
BORON,  B,. 

Atomic  weight  =  11.    Probable  molecular  weight  =  22.    Sp.  gr., 

adamantine  variety,  2*68.  Atomicity  "\  Evidence  of  atom- 
icity : — 

Boric  chloride    B'^Cla. 

Boric  fluoride   B'^F.^. 

Boric  ethide    B'^Etg. 


BOEON. 
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^isto'nj. — Boron  was  first  prepared  from  boric  anhydride  by 
Gay-Lussac  and  Thenard  in  1808,  and  immediately  afterwards  in- 
dependently by  Davy. 

Occurrence. — Boron  is  found  only  in  combination  with  oxygen, 
either  as  free  boric  acid,  or  united  with  various  bases  to  form 
borates.  Of  these  last,  the  commonest  is  borax  or  tincal,  a  sodic 
borate. 

Preparation : — 

a.  Amorphotis  Boron. — 1.  This  variety  may  be  obtained  by 
heating  boric  anhydride  with  sodium : — 

B2O3    +    3Na2    =    SONaa    +  B^. 

Boric  anhydride.  Sodic  oxide. 

After  the  rea.ction,  which  is  somewhat  violent,  has  ceased,  the  fused 
mass  is  allowed  to  cool,  and  is  then  dissolved  in  dilute  hydrochloric 
acid.    The  boron  remains  hehind  as  a  fine  brown  powder. 

2.  Another  method  consists  in  passing  the  vapour  of  boric 
chloride  over  heated  potassium  : — 

2BCI3    +  =    6KCI    +  B.2. 

Boric  chloride.  Potassic  chloride. 

/3.  A  damantine  Boron. — On  fusing  boric  anhydride  with  alum- 
inium, the  boric  anhydride  is  reduced  : — 

AI2    +    B2O3    =    'AI-2O3    +  B2. 

Boric  anliydride.    Aluminic  oxide. 

The  boron  thus  formed  dissolves  in  the  molten  aluminium,  and  on 
cooling  is  deposited  in  crystals  in  the  interior  of  the  mass.  The 
aluminium  is  dissolved  in  caustic  soda,  leaving  the  crystals  of 
diamond  boron  (Wohler  and  Deville). 

The  so-called  graphitoid  loron,  which  is  formed  in  laminse 
during  the  preparation  of  adamantine  boron,  is  a  definite  compound 
of  boron  and  aluminium,  of  the  formula  Al2Bg. 

Properties. — Amorphous  boron  is  a  brown  powder,  infusible  at 
a  white  heat  in  an  atmosphere  of  a  gas  which  is  without  chemical 
action  upon  it,  but  fusible  in  the  electric  arc. 

Adamantine  or  diamond  boron  forms  transparent  octahedral 
crystals  which  vary  in  colour  from  an  almost  imperceptible  honey- 
yellow  to  a  deep  garnet-red,  and  possess  a  lustre  and  refractive 
power  almost  equal  to  those  of  the  diamond.  In  hardness  it  lies 
between  corundum  and  diamond.    Its  specific  gravity  is  2-68. 
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Adamantine  boron  is,  strictly  .spealdng,  not  a  pure  Variety  of 
boron.  Ihe  crystals  always  contain  a  small  quantity  of  aluminiuiii 
and,  in  cases  where  the  crucible  has  been  hned  with  charcoal  in 
their  preparation,  also  carbon  (Hampe,  Liebig' s  Annalen  183  75) 

A  pure  adamantine  boron  is  stated  to  have  been  obtained  by 
lusmg  amorphous  boron  with  silver. 

Beactio7is.~l.  When  amorphous  boron  is  heated  in  air  it 
burns,  forming  boric  anhydride,  which  fuses,  coating  the  boron  and 
preserving  it  from  further  oxidation. 

2.  Amorphous  boron  decomposes  hot  sulphuric  acid  :— 


3SO,Ho, 


Sulphuric  acid. 


=  B2O3 

Boric 
anhydride. 


+  30H., 


Water. 


+  3SO2. 

Sulphurous 
anhydride. 

3.  Nitric  acid,  even  when  only  slightly  concentrated,  attacks  it 
in  the  cold : — 


B2    -t-    6NO2H0    =  2BH03 

Nitric  acid.  Boric  acid. 


Nitric  peroxide. 

4.  At  a  red  heat  it  decomposes  alkaline  carbonates,  sulphates, 
and  nitrates,  forming  borates : — 


B„ 


B. 


5.  Fused  with  potassic  hydrate  it  forms  a  borate,  with  evolution 
of  hydrogen : — 


+    3CON'ao2  = 

2BN"ao3 

+ 

3C''0. 

Sodic  carbonate. 

Trisodic 
borate. 

Carbonic 
oxide. 

+     3SO2KO2  = 

2BKO3 

+ 

380^. 

Sulphurous 
anhydride. 

Potassic 
sulphate. 

Tripotassic 
borate. 

+    GNOgKo  = 

2BKO3 

+ 

Nitric 
peroxide. 

Potassic 
nitrate. 

Tripotassic 
borate. 

B2    +    60KH     =  2BKo 

Potassic  hydrate. 


■3    +  3H, 

Potassic  borate. 


6.  It  is  one  of  the  very  few  elements  which  imite  directly  with 
nitrogen.  When  strongly  heated  in  a  current  of  this  gas,  it  is 
converted  into  white  boric  nitride : — 


B2    +    ^2    =  2BW'\ 

Boric  nitride. 


BORON. 
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This  compound  is,  however,  best  prepared  by  heating  to  bright 
redness  a  mixture  of  1  part  of  anhydrous  borax  with  2  parts  ot 
ammonic  chloride.  The  boric  nitride  is  thus  obtained  as  a  white 
Lmorplious  powder.  It  is  a  very  stable  substance,  and  is  only 
slowly  acted  upon  by  boiling  solutions  of  alkalis  or  acids.  Fused 
with  caustic  potash,  it  forms  potassic  borate  with  evolution  of 
ammonia : — 

BN'"    +    30KH    =    BK03    +  NH3. 

Boric  nita-ide.  Potassic  Potassic  Ammonia, 

hydrate.  borate. 

When  heated  in  a  current  of  steam,  the  nitride  is  decomposed  in  a 
similar  manner,  yielding  boric  acid  and  ammonia. 

Adamantine  boron  is  much  less  easily  attacked  by  heat  and 
by  reagents  than  the  amorphous  variety.  It  does  not  fuse  in  the 
flame  of  the  oxy-hydrogen  blow-pipe.  Heated  in  oxygen  to  the 
temperature  of  combustion  of  the  diamond,  it  undergoes  only 
superficial  oxidation ;  but  it  inflames  at  a  red  heat  in  chlorine,  and 
is  converted  into  boric  chloride.  Acids  do  not  attack  it  at  any 
temperature  ;  but  when  fused  with  hydric  potassic  sulphate,  boric 
anhydride  is  formed : — 
6SO2H0K0  +  B2  =  B2O3  +  3SO2K02  +  3OH3  +  3SO2. 

Hydric  potassic  Boric  Potassic  Water.  Sulphurous 

sulphate.  anhydride.        sxilphate.  anhydride. 

COMPOUND  OF  BORON  WITH  HYDBOGEN. 

BORIC  HYDRIDE. 

BH3? 

Preparation. — This  compound  is  obtained,  mixed  with  a  very 
large  excess  of  hydrogen,  by  the  action  of  hydrochloric  acid  upon 
magnesic  boride  (F.  Jones) : — 

B2Mg3    +    6HC1    =    2BH3    +  3MgCl2. 

Magnesic        Hydrochloric         Boric  Magnesic 
boride.  acid.  hydride.  chloride. 

The  magnesic  boride  is  prepared  by  heating  boric  anhydride  with 
magnesium  filings. 

Properties. — Boric  hydride  is  a  colourless  gas  with  a  charac- 
teristic odour.  It  produces  nausea  and  headache  when  inhaled, 
even  in  moderate  quantity.  It  is  sparingly  soluble  in  water,  to 
which  it  imparts  its  odour. 
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Eeadwns.—l.  Boric  hydride  burns  with  a  green  flame,  pro- 
ducing boric  anhydride  and  water : — 

2BH3    -I-    30,    =    B,03    +  30H,. 

Boric  hydride.  Boric  anhydride.  Water. 

2.  Burnt  with  an  insufficient  supply  of  air,  it  yields  water  and 
free  boron : — 

2BH3    +    30    =    B    +  30Ho. 

Boric  hydride.       "  Water. 

This  may  be  shown  by  holding  a  cold  surface  of  white  porcelain 
in  the  flame,  when  a  brown  film  of  boron  is  deposited. 

3.  When  passed  through  a  red-hot  tube  it  is  decomposed  into  its 
elements,  and  the  boron  is  deposited  as  a  brown  film  beyond  the 
heated  portion  of  the  tube. 

4.  It  combines  with  ammonia  to  form  a  compound  of  unknown 
composition. 

5.  From  a  solution  of  argentic  nitrate  it  throws  down  a  black 
precipitate  containing  both  silver  and  boron. 

COMPOUNDS  OF  BORON  WITH  THE  HALOGENS* 

BORIC  CHLORIDE. 

BCI3. 

Molecular  weight  =  117'5.  Molecular  volume  □□•  1  litre  of 
horic  chloride  vapour  weighs  58'75  criths.  Sp.  gr.  1'35  at  17°. 
Boils  at  18-23°. 

Preparation. — 1.  Amorphous  boron  spontaneously  inflames  in 
chlorine,  forming  boric  chloride.  In  the  case  of  the  crystalline 
modification,  it  is  necessary  to  heat  the  boron  in  order  to  induce 
combination. 

2.  Boric  chloride  is  best  prepared  by  the  action  of  chlorine  on 
a  mixture  of  boric  anhydride  and  charcoal  heated  to  redness  : — 

B2O3    +    3CI2    +    3C    =    2BCI3    +  3C0. 

Boric  anhydride.  Boric  chloride.   Carbonic  oxide. 

The  mixture  of  boric  anhydride  and  charcoal  is  contained  in  a 
porcelain  tube  heated  in  a  furnace.    The  gaseous  boric  chloride 

*  Halogens,  "  salt-producers  "  (from  u\c,  salt ;  and  yevvouo,  I  bring  forth) ,  is  a 
collective  name  for  the  four  elements  chlorine,  bromine,  iodine,  and  fluorine. 
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passes  through  a  Y-shaped  tube  inimersed  in  a  freezing-mixture, 
where  it  condenses,  and  drops  through  the  lower  limb  of  the  tube 
into  a  flask  beneath,  which  is  also  surrounded  by  a  freezing- 
mixture.  The  boric  chloride  may  be  freed  from  excess  o£  chlorine 
by  digestion  with  mercury. 

The  above  process  is  one  frequently  employed  for  obtaining 
chlorides  of  elements  from,  their  oxides.  The  chlorine  alone 
cannot  separate  the  boron  from  the  oxygen,,  nor  can  the  carbon 
alone  detach  the  oxygen  from  the  boix)n ;  but  by  tlie  united  action 
of  the  chlorine  and  the  carbon  this  decomposition  is  effected. 

Properties. — Boric  chloride  is  a  colourless,  very  .mobile,  strongly 
refracting  liquid,  boiling  at  18-23°  Its  specific  gravity  at  17°  is 
1-35.  When  heated  it  expands  very  rapidly.  It  fumes  in  the  air, 
and  is  decomposed  by  water  with  formation  of  hydrochloric  and- 
boric  acids  : — 

BCI3    +  3OH2    =    3HGL    +  BH03. 

Boric  Water,         Hydrochloric  Boric 

chloride.  acid.  acid. 

With  gaseous  ammonia  it  yields  a  molecular  compound 
3NH3,2BCl3,  which  forms  a  white  crystalline  powder. 

BORIC  BBOJIIDE. 

BBrg. 

Molecular  weight  =  251..  Moleeular  volume  \  I  !•    1  litre  of  boric  bromide  vapour 
weighs  125'5  crit&s.    Sp.  gr.. of  liquid  =  2'G9.    JB oils  at  90°. 

This  compound  is  prepared  by  passing  bromine  vapour  over  a  red-hot  mixture 
of  boric  anhydride  and  charjeoal  in  a  manner  similar  to  that  described  under  the 
preparation  of,  boric  chloride.  It  is  purified  by  rectification  from  mercury,  and 
forms  a  colourless  mobUe  liquid. 

Its  reactions- and  decompositions  resemble  those  of  boric  chloride. 

BORIC  FLUORIDE. 

BF3. 

Molemlcer  weight  =  68.     Molecular  volume  [J].     1  litre  weighs 
34  criths. 

History. — Boric  fluoride  was  discovered  by  Gay-Lussac  and 
Thenard  in  1808. 

Preparation.— I.  If  a  mixture  of  2  parts  of  fluorspar  and  1  part 
of  boric  anhydride,  both  thoroughly  dried,  be  heated  to  redness  in 
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an  iron  retort,  boric  "fluoride  is  evolved  as  a  colourless  gas,  and 
may  be  collected  over  mercury:  — 

2B2O3    +    SCaF.,    =    B^Cao",    +  2BF3. 

Boric  anhydride.    Calcic  fluoride.     Calcic  borate.       Boric  fluoride. 

2.  A  better  method  consists  in  heating  together  in,  a  flask 
2  parts  of  fluorspar,  1  part  of  boric  anhydride,  and  12  parts  of 
sulphuric  acid : — 

B2O3  +  SCaF^  +  3SO2H02   =    SSOHo^Cao^'  +  2BF3. 

Boric  Calcic         Sulphuric  acid.         Dihydric  calcic  Boric 

anflaydride.       fluoride.  sulphate.  fluoride. 

Properties. — Boric  fluoride  is  a  colourless  gas,  possessing  a  very 
pungent  odour.  Its  vapour  density  (air  =  1)  is  2-312.  Water 
absorbs  700  times  its  volume  of  the  gas.  Its  great  affinity  for 
water  causes  it  to  fume  strongly  in  the  air.  A  piece  of  dry  paper 
introduced  into  the  gas  is  charred  by  the  abstraction  of  the  ele- 
ments of  water  from  the  cellulose. 

It  combines  with  gaseous  ammonia  to  form  three  distinct  com- 
pounds, BF3,NH3,— BF3,2NH3— and  BF3,3NH3.  The  first  is  a 
white  solid ;  the  others  are  colourless  liquids.  The  two  last  evolve 
ammonia  on  heating,  and  are  converted  into  the  solid  compound. 

Hydrofluoboric  Acid.^'Bj  the  action  of  water  on  boric  fluoride, 
hydrofluoboric  acid  (BF3,HF)  is  formed  : — 

4BF3  3OH2    =    3(BF3,HF)    +  BH03. 

Boric  fluoride.        Water.        Hydrofluoboric  acid.       Boric  acid. 

The  solution  obtained  by  saturating  water  with  boric  fluoride  is  an 
oily  fuming  liquid  with  a  specific  gravity  of  17  7.  It  chars  organic 
bodies. 

Hydrofluoboric  acid  acts  upon  metallic  hydrates,  forming  salts 
known  as  borofluorides : 

BF3,HF    +    OKH    =    BFg.KF    +  OH^. 

Hydrofluoboric         Potassic  Potassic  Water, 

acid.  hydrate.  borofluoride. 

Possibly  the  boron  in  these  compounds  is  peiitadic ;  thus  B^F^H 
andB^F^K. 
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COMPOUNDS  OF  BORON  WITH  OXYGEN  AND 
HYDROXYL. 

Boric  anhydride   B2O3. 

Monobasic  boric  acid"!  BOHo 
Metaboric  acid              •  •  •  • 

Tribasic  boric  .acid  1  .  -gjjQ 

Boric  acid  J  ^' 


BORIC  ANHYDRIDE,  Borado  anhydride. 

B2O3. 

Molecular  weight  =  70.    Sp.  gr.  1'83. 

Preparation, — Boric  anhydride  is  obtained  by  heating  boric  acid 
to  redness : — 

2BH03    =    B2O3    +  3OH2. 

Boric  acid.    Boric  anhydride.  Waters 

Properties. — Freshly  prepared  boric  anhydride  is  a  colourless 
transparent  vitreous  solid,  which,  however,  when  exposed  to  the  air 
gradually  absorbs  moisture  and  becomes  opaque.  When  fused  at  a 
red  heat,  it  forms  a  viscous  liquid  like  melted  glass.  At  a  white 
heat  it  volatilises.  Although  boric  acid  is  one  of  tie  weakest 
acids,  the  non-volatility  of  its  anhydride  at  any  but  the  highest 
temperatures  enables  it  to  expel  stronger  volatile  acids  from  their 
salts  when  heated  with  them.  Thus  sulphates  are  converted  into 
borates  with  evolution  of  sulphuric  anhydride : — 

3S02N"ao2    +    B.2O3    =    2BXao3    +  SSOg. 

Sodic  suli^hate.  Boric  Sodic  Stdphuric 

anhydride.  borate.  anhydride. 

Boric  anhydride  dissolves  most  metallic  oxides  when  fused  with 
them,  yielding  in  many  cases  characteristically  coloured  glasses — a 
property  which  has  led  to  its  employment  as  a  blow-pipe  reagent. 
By  gradually  volatilising  at  a  white  heat  the  boric  anliydride  in 
which  a  metallic  oxide  is  dissolved,  the  latter  may  frequently  be 
obtained  in  a  crystallised  form,  and  in  this  way  many  minerals 
have  been  artificially  produced.  Alumina  crystallises  from  this 
solvent  in  the  hexagonal  forms  of  corundum,  and  a  mixture  of 
alumina  and  magnesia  yields  octahedraLcrystals  of  spinelle.  These 
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artificial  products  are  identical  in  .  all  their  physical  and  chemical 
properties  with  the  natural  minerals. 

BORIC  ACID,  Boracic  acid,  Ortlwhoric  acid. 

BH03. 

Molecular  weight  =  62.    Sp.  gr.  1-479. 

Occurrence.— li^i  some  parts  of  the  volcanic  districts  of  Tuscany, 
jets  of  gas  or  steam,  known  as  soffioni  or  fumaroles,  escape  through 
.fissures  in  the  ground.  This  steam  contains  traces  of  boric  acid. 
Eound  the  sofiioni  pools  of  water,  caUed  %oo7is,  have  collected,  mto 
which  the  steam  passes,  and  in  these  the  boric  acid  accumulates. 

The  method  of  extracting  the  acid  is  as  follows :— Above  the 
soffioni,  cisterns  of  glazed  masonry  are  constructed,  so  that  the 
vapours  from  two  or  more  soffioni  pass  into  each  cistern.  The  highest 
cistern  is  filled  by  temporarily  directing  the  waters  of  a  stream 
into  it.  At  the  end  of  twenty-four  hours  the  water  from  this  first 
cistern,  having  taken  up  a  certain  quantity  of  boric  acid,  is  run  off 
into  a  lower  cistern,  and  its  place- is  supplied  by  fresh  water.  The 
water  remains  in  the  second  cistern  for  twenty-four  hours,  and  is 
then  run  into  a  third  cistern.  This  treatment  is  continued  till  the 
water  has  passed  through  six  or  seven  cisterns,  when  it  contains 
about  2  per  cent,  of  boric  acid.  It  is  then  transferred  to  tanks^ 
where  it  remains  for  twenty- four  hours  in  order  to  allow  the 
suspended  earthy  impurities  to  settle.  The  clear  liquid  is  then 
allowed  to  run  in  a  thin  stream  over  a  long  roof  of  corrugated 
sheet  lead  heated  from  beneath  by  the  steam  of  a  soffione.  In  this 
way  a  considerable  concentration  is  effected.  The  liquid  is  finally 
evaporated  in  pans  to  the  crystallising  point.  The  crude  substance 
thus  obtained  is  recrystallised  from  boiling  water.  The  crystals 
are  placed  in  wicker  baskets  to  drain,  and  afterwards  dried  in  a 
kiln  which  is  heated  by  the  steam  of  a  soffione.  The  lagoons  of 
Tuscany  yield  about  750,000  kilograms  of  boric  acid  yearly. 
Artificial  soffioni  are  now  produced  by  boring. 

Salts  of  boric  acid  also  occur  in  nature.  The  mineral  tincal,  or 
natural  borax,  an  abnormal  sodic  borate  of  the  formula 

B4O5]S[ao2,10OH2, 

is  found  in  Thibet. 

Preparation. — Boric  acid  may  be  obtained  by  the  action  of 
hydrochloric  acid  on  borax : — 
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B^OgNaOa    +    2HC1    +    5OH2    =    4BH03   +  2N"a01. 

Borax.         Hydrochloric  acid.     Water.  Boric  acid.     Sodic  chloride. 

One  part  of  borax  is  dissolved  in  2 J  parts  of  boiling  water  and  an 
excess  of  concentrated  hydrocliloric  acid  is  added.  On  cooling, 
the  boric  acid  crystallises  out  in  thin  plates. 

For  laboratory  purposes  boric  acid  is  best  prepared  by  recrys- 
tallisation  of  the  commercial  acid. 

Properties.  —  Boric  acid,  as  crystallised  from  water,  forms 
lustrous  lamiuse,  unctuous  to  the  touch.  One  hundred  parts  of 
water  at  10°  dissolve  2  parts,  at  100°,  8  parts,  of  boric  acid.  The 
solution  turns  blue  litmus  wine-red  and  turmeric  paper,  even  in 
presence  of  hydrochloric  acid,  brown.  When  the  aqueous  solution 
is  boiled,  the  boric  acid  volatilises  with  the  steam,  as  in  the  soffioni. 
Boric  acid  is  also  slightly  soluble  in  alcohol,  and  communicates  to 
the  flame  of  the  alcohol  a  characteristic  green  coloration. 

At  a  temperature  of  100°,  boric  acid  parts  with  the  elements  of 
water,  and  is  converted  into  metaboric  acid,  BOHo : — 

BH03    =    BOHo    +  OH2. 

Boric  acid.     Metaboric  acid.  Water. 

Metaboric  acid  forms  stable  salts,  such  as  sodic  metaborate 

'  fBO  \ 


(BOXao)  and  magnesic  metaborate  j  ■{  Mgo'i. 

\Ibo  / 

When  boric  acid  is  heated  for  a  long  time  to  140°,  tetraboric 
acid  is  formed  as  a  brittle  vitreous  mass : — 

4BH03    =    B4O5H02    +  5OH2. 

Boric  acid.         Tetraboric  acid.  Water. 

The  tetraborates  are  also  stable  compounds.  Anhydrous  borax 
(B^OgNaOj)  is  sodic  tetraborate. 

The  normal  borates  or  orthoborates,  derived  from  the  tribasic 
acid  (BH03),  are  the  least  stable  of  the  compounds  of  boric  acid. 

BORIC  STTIiPHIDE. 

B,S"3. 

Molecular  weight  =  118. 

Preparation.—Boriii  sulphide  is  formed  when  the  vapour  of  sulphur  is  passed 
over  heated  boron ;  but  it  is  best  prepared  by  heating  to  bright  redness  a  mixture  of 
lamp-black  and  boric  anhydride  in  a  current  of  carbonic  disulphide  vapour  :— 

2Bi,03    +  3CS"3    +    30    =    2B,,S"3    +  6C"0, 
Boric       Carbonic  Boric  Carbonic 

anliydride.  disulphide.  sulpliide.  oxide. 
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I'roperties.— Boric  sulphide  is  thus  obtained  as  a  solid,  yellowish-white,  fusible, 
vitreous  mass,  which  may  be  volatilised  in  a  current  of  sulphuretted  hydrogen,  and 
then  forms  silky  needles.  It  has  a  pungent  odour,  and  its  vapour  irritates  the  eyes. 
Water  at  once  decomposes  it  into  sulphuretted  hydrogen  and  boric' acid  :— 

B^S^'a    +    6OH2    =    3SH2    +  2BH03. 
Boric         Water.    Sulphuretted  Boric 
sulphide.  hydrogen.  acid. 


CHAPTEE  XXV. 

TETRAD  ELEMENTS. 

Section  I. 
CARBON,  C. 

Atomic  weight  =  12.    Atomicit^j"  and       Evidence  of  atomicity  :— 

Carbonic  oxide   CO. 

Carbonic  tetrachloride   C'^Cl^. 

Marsh-gas   C'^H^. 

Chloroform   C'^HClg. 

Occiirrence. — Carbon  exists  in  the  free  state  in  three  distinct 
allotropic  modifications,  as  amorphous  carbon,  as  graphite,  and  as 
diamond,  all  of  which  are  found  in  nature.  In  combination  with 
oxygen  as  carbonic  anhydride,  it  occurs  in  the  air.  It  is  a  con- 
stituent of  all  organic  substances,  and  upon  its  varied  combining 
powers  the  infinite  manifoldness  of  the  animal  and  vegetable 
kingdoms  ultimately  depends. 

General  Properties. — The  following  properties  are  common  to 
carbon  in  all  its  modifications: — It  is  solid,  infusible,  probably 
non-volatile  at  the  highest  temperatures  that  can  be  artificially 
produced,  and  insoluble  in  all  known  solvents  at  ordinary  tem- 
peratures. 

a.  Amorphous  Carlon. — The  chief  varieties  of  amorphous  carbon 
are:  Charcoal,  lamp-black,  gas-carbon,  and  coke. 

Occurrence. — Amorphous  carbon  is  found  in  nature  as  mineral 
charcoal. 

Charcoal. 

Preparation. — When  wood  is   heated  to  redness  in  closed 
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vessels;  the  ceUulose  (CgHjoOg). '  gives  off  its  oxygen  tod  hydrogen, 
partly  as  water,  partly  .along  with  a  portion  of  the  carbon  m  the 
form  of  oxides  of  carbon  and  of  more  or  less  complex  organic  com- 
pounds. When  these  various  gaseous,  and  liquid  products  of 
destructive  distillation  have  ceased  to  be  evolved,  the  charcoal 
remains  behind  in  the  retort  as  a  black,  non-lustrous  substance, 
preserving  the  form  of  the  woCtd  from  which  it  was-  prepared.  The 
liquid  products  of  distillation  constitute  wood-tar,  and  tkeir  nature 
will  be  described  under  Organic  Chemistry. 

In  order  to  obtain  the  greatest  possible  yield  of  charcoal,  care 
must  be  taken  to  expel  all  moisture  from  the  wood  before  rais- 
ing the  temperature  to  redness,  otherwise  the  charcoal  at  a  red 
heat  will  decompose  the  water,  forming  carbonic  anhydride  or 
carbonic  oxide  and  liberating  hydrogen  (see  p.  140). 

The  distillation  is  performed  in  cast-iron  retorts.  The  wood  to 
be  carbonised  is  placed  in  a  perforated  iron  case  F  (Fig.  81),  known 
as  a  slip,  which  is  then  introduced  into  the  retort  A.  The  volatile 
products  of  decomposition  are  led  by  the  pipe  L  into  the  furnace  B, 
where  they  are  burned,  a  saving  of  fuel  being  thus  effected.  In 
well-arranged  works  at  the  present  day,  these  products  are  con- 
densed, acetic  acid  and  wood-naphtha  being  obtained  from  them. 
One  hundred  parts  of  wood  yield  on  an  average  27  parts  of  char- 
coal. 


Fig.  31. 


In  countries  where  wood  is  plentiful,  a  method  of  carbonising 
in  heaps  is  employed,  the  heat  being  produced  by^  the  combustion 
of  a  part  of  the  wood.  This  is  the  oldest  process  of  charcoal-burn- 
ing. The  logs  are  piled  On  end  in  a  heap  (Fig.  32),  and  a  space  is 
left  in  the  middle  to  serve  as  a  flue.     The  whole  is  coyered  with 
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turf  and  earth,  small  apertures  being  made  at  the  base  of  the  heap 
to  admit  air.  Fire  is  applied  from  below,  and  the  action  of  the 
heat  IS  carefully  regulated  by  opening  or  closing  the  air-holes  in 
different  parts  of  the  heap.  The  charcoal  obtained  by  this  method 
53  inferior  m  (Quality  to  that  produced  by  carbonising  in  retorts 


Fig.  32. 


A  very  pure  charcoal  for  special  laboratory  purposes  is  obtained 
hy  carbonising  sugar  in  a  closed  platinum  vessel.  If  it  is  neces- 
sary to  get  rid  of  the  last  traces  of  hydrogen,  the  product  must  be 
strongly  ignited  in  a  current  of  chlorine.  This  charcoal  possesses 
the  advantage  of  containing  no  silica,  and  may  therefore  be 
employed  in  the  preparation  of  volatile  chlorides  (see  horic  clilo- 
nde,  p.  192),  v^hich  would  otherwise  be  contaminated  with  silicic 
chloride  (SiCl^). 

Another  variety  of  charcoal  is  animal  charcoal  or  bone-black, 
produced  by  the  carbonisation  of  bones  in  closed  vessels.  A  fetid 
oil  of  very  complex  character  distils  over  during  the  process.  The 
charred  mass  which  remains  in  the  retort  is  afterwards  coarsely 
granulated,  in  which  form  it  is  employed  to  decolorise  liquids. 
Animal  charcoal  which  has  lost  its  decolorising  properties  by 
repeated  use  may  have  these  restored  by  again  heating  it  in  closed 
vessels.  A  very  pure  animal  charcoal  is  obtained  by  carbonising 
dried  blood  which  has  been  mixed  with  potassic  carbonate,  in  order 
to  render  the  product  more  porous.  The  potash  is  afterwards 
extracted  with  hydrochloric  acid. 

Properties. — The  qualities  of  the  product  vary  with  the  tem- 
perature employed.  The  best  wood-charcoal  for  laboratory  and 
metallurgical  purposes  is  prepared  at  a  high  temperature,  and  is  a 
hard  brittle  substance  with  a  lustrous  fracture.  When  struck,  it 
emits  a  metallic  sound.  Common  charcoal  is  a  bad  conductor  of 
heat  and  electricity ;  but  by  exposing  it  for  a  long  time  in  closed 
vessels  to  a  very  high  temperature,  it  becomes  an  excellent 
conductor. 
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The  elimination  of  the  oxygen  and  hydrogen  from  the  wood  in 
the  formation  of  charcoal  leaves  the  mass  in  an  extremely  porous 
condition,  and  the  infusibility  of  the  charcoal  causes  it  to  retain 
this  porosity.  A  very  small  piece  of  charcoal  may  thus  expose  an 
enormous  surface,  and  hence  all  phenomena  dependent  upon 
surface  action  are  displayed  in  a  high  degree  by  this  substance.^ 
To  this  class  belong  the  condensation  of  gases  and  decolorising  of 
liquids. 

The  absorbent  power  of  wood-charcoal  for  gases  may  be  shown 
by  cooling  a  fragment  of  freshly  ignited  charcoal  under  mercury, 
and  then  passing  it  into  a  tube  filled  with  gaseous  ammonia  over 
the  mercurial  trough  (Fig.  33).     The  mercury  will  rapidly  rise  in 


Fig.  33. 


the  tube  as  the  ammonia  is  absorbed.  The  following  list  gives  the 
volumes  of  some  of  the  principal  gases  absorbed  by  one  volume  of 
boxwood-charcoal  at  0°,  and  under  a  pressure  of  760  mm.  as  deter- 
mined by  Hunter : — 

Absorption  of  gases  by  charcoal — 

Vols. 

Hydrogen   4*4 

Nitrogen   15  "2 

Oxygen   17*9 

Carbonic  oxide   21 '2 

Carbonic  anhydride    . .  67"7 

^   Nitric  oxide   70-5 

Nitrous  oxide   86  3 

Ammonia   171'7 

As  a  rule  the  most  easily  liquefiable  gases  are  absorbed  in 
^eatest  quantity  by  charcoal. 
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^  Noxious  effluvia  are  in  like  manner  absorbed  by  charcoar  and 
a  the  same  time  undergo  oxidation  at  the  expense  of  the  oxy'en 

olf  for!r  -Yr""'"'  '  property  which  has  led  to  the  use  oilC 
coal  lor  disinfecting  purposes. 

t^nJnf\r^T^  decolorising  liquids  depends  upon  the  absorp- 
lon  of  he  colouring  matter  in  the  pores  of  the  charcoal.  Animal 

matTe?  o\  ^^^^P^^^'  — -  ^^e  inorgan 

matter  ontamed  m  the  bones  increases  the  porosity  of  the  product 

then  m  ""Jl^^™^^^  with  freshly  ignited  animal  charcoal  and 
then  filtered,  the  filtrate  will  be  colourless.  In  the  process  of  su^ar 
refining  the  raw  syrup  is  decolorised  by  filtration  through  animal 
charcoal.  Charcoal  filters  are  also,  employed  for  the  purification 
ot  water  for  drinking  purposes,  but  they  are  not  to  be  recom- 
mended, owing  to  the  stimulus  which  animal  charcoal  gives  to  the 
development  of  animalcular  life. 

Zamp-black—When  certain  organic  substances  rich  in  carbon 
such  as  resins,  essential  oils,  and  heavy  hydrocarbons,  are  burned 
m  air,  the  supply  of  oxygen  is  insufficient  for  complete  combus- 
tion, and  the  flame  smokes.  A  porcelain  dish  or  any  cold  object 
held  m  the  flame  is  quickly  covered  with  a  finely  divided  black 
deposit.    This  is  the  substance  known  as  lamp-black 

On  a  large  scale,  the  tar,  resin,  or  other  highly  carbonaceous 
substance  is  burnt  with  a  limited  supply  of  air,  and  the  heavy 
smoke  is  made  to  pass  through  chambers,  where  the  lamp-black 
settles. 

Lamp-black,  after  strong  ignition  in  a  stream  of  clilorine  in 
order  to  free  it  from  the  hydrogen  which  the  ordinary  product 
always  contains,  is  one  of  the  purest  forms  of  amorphous  carbon. 

Lamp-black  is  employed  in  the  manufacture  of  printing  ink 
and  China  ink,  and  also  as  a  common  black  paint. 

Coke.— When  coal  is  subjected  to  destructive  distillation  in  the 
manufacture  of  coal-gas,  a  number"  of  volatile  products  are  ex- 
pelled, and  an  impure  amorphous  carbon,  known  as  coke,  remains 
in  the  retort.  Coke  is  also  prepared  by  biirning  coal  in  heaps,  as  in 
the  conversion  of  wood  into  charcoal;  but  in  the  coking-heap  the 
central  flue  is  built  of  firebricks.  The  coking  is  thus  effected  by 
the  combustion  of  a  portion  of  the  Coal:  "  As  soon  as  smoke  ceases 
to  be  given  off,  the  air-holes  at  the  bottom  of  the  heap  are  closed 
with  wet  sand,  or,  more  frequently,  the 'fire  is  quenched  witli 
water.  At  the  present  day  most  of  the  coke  is  obtained  by  partially 
burning  the  coal  in  specially-constructed  coking  ovens,    The  coke 
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prepared  in  ovens  is  denser  and  of  better  quality  than  that 
obtained  by  other  means.  Coke  does  not  ignite  readily,  nor  is  its 
combustion  well  maintained,  except  in  large  masses  and  with  the 
aid  of  a  rapid  current  of  air;  but  its  combustion  produces  a  very 
hic^h  temperature  and  is  unattended  with  the  production  of  smoke 
U  is  largely  used  in  iron-smelting  and  other  metallurgical 
operations. 

Gas  Carbon. — This  substance  is  also  produced  in  the  manu- 
facture of  coal-gas.  When  the  heavier  hydrocarbons  formed  from 
the  coal  pass  over  the  red-hot  waUs  of  the ,  retort,  they  deposit  a 
portion  of  their  carbon  in  an  exceedingly  dense  and  coherent  form. 
The  gas  carbon  so  obtained  forms  a  grey,  very  hard  mass,  possess- 
ing a  metallic  lustre.  It  is  an  excellent  conductor  of  heat  and 
electricity.  The  carbon-plates  of  the  Bunsen  battery,  and  some- 
times the  carbon-rods  for  the  electric  arc-light,  are  made  from  this 
material. 

A  very  pure  form  of  amorphous  carbon  is  obtained  by  the 
action  of  potassium ,  at  a  high  temperature  on  carbonic  anhydride 
or  a  carbonate : — 

3CO2    •+    2X2    =    0    +  2COK02. 

Carbonic  anhydride.  Potassic  carbonate. 

The  carbon  must  be  carefully  washed  with  hydrochloric  acid  to  free 
it  from  the  last  traces  of  alkali. 

Reaction. — By  treatment  with  a  mixture  of  potassic  chlorate 
and  fuming  nitric  acid,  amorphous  carbon  is  converted  into  brown 
compounds  soluble  in  water.  Potassic  permanganate,  in  alkaline 
solution,  or  nascent  electrolytic  oxygen,  converts  it  into  mellitic 
acid,  "'C'6(COHo)g,  and  other  products. 

Coal. — This  substance  consists  of  the  remains  of  a  former 
flora.  It  is  the  result  of  a  decomposition  which  woody  fibre  has 
undergone  during  long  geological  periods  und6r  varying  conditions 
of  temperature  and  moisture,  and  with  exclusion  of  air.  Under 
these  circumstances  the  hydrogen  and  oxygen  of  the  wood  have 
been  gradually  reduced  in  quantity  by  elimination,  partly  as 
water  and  partly  in  combination  with  a  portion  of  the  carbon  as 
methylic  hydride  (the  fire-damp  of  the  miner)  and  carbonic  anhy- 
dride. The  process  is  thus  very  similar  to  that  which  occurs  when 
wood  is  converted  into  charcoal  by  heating  in  closed  vessels.  The 
degree  of  change  which  the  woody  fibre  has  undergone  varies  with 
the  age  of  the  coal :  thus  lignite,  a  more  recent  formation,  preserves 
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its  fibrous  structure  and  contains  a  large  percentage  of  oxygen  and 
hydi^gen;  whereas  anthracite,  which  is  found  in  the  oidest  car- 
boniferous deposits,  is  dense  and  amorphous,  and  contains  a  very 
iugh  percentage  of  carbon.  ^ 

The  following  is  a  list  of  some  of  the  chief  varieties  of  coal  - 

Lujmte  ov  Brown  ^/oaZis generally  of  more  recent  date  than  the 
chalk  formation;  whilst  true  coal  is  older  than  the  chalk  Its 
specific  gravity  is  also  lower  than  that  of  true  coal.  It  ^delds  a 
powdery  coke  and  burns  with  a  comparatively  smokeless  flame 

Bituw^inous  or  Caking  CoaZ.-The  greater  number  of  English 
coals  belong  to  this  class.  Bituminous  coal  fuses  and  Ickes 
together  on  heatmg,  giving  off  much  smoke  and  gas,  and  yieldino- 
a  lustrous  coke.  Cannd  coal  is  a  variety  of  bituminous  coal  It 
contains  a  large  percentage  of  hydrogen,  and  is  much  in  request  for 
purposes  of  gas  manufacture. 

AnthTacUe.—TliiB  is  a  very  hard  coal  with  a  conchoidal  fracture 
It  IS  of  an  iron-black  colour,  with  a  semi-metaUic  lustre,  and  its 
smooth  surface  frequently  displays  iridescence.  It  splinters  when 
heated,  and  ignites  with  difficulty,  burning  with  very  little  flame 
and  no  smoke,  and  giving  out  an  intense  heat.  It  is  much  used  as 
a  steam  coal  and  also  for  smelting  pu.rposes. 

The  following  table  shows  the  average  composition  of  coals 
from  different  localities  in  Great  Britain.  The  last  column 
contains  the  thermal  effect  as  measured  by  the  number  of  pounds 
of  water  at  100°  which  were  found  to  be  converted  into  steam  in  a 
Cornish  boiler  by  1  pound  of  the  coal : — 


Table  sJioiving  the  Average  Composition  of  Coals  from  different  Localities. 


Locality. 

Sp.  gr. 

Carbon. 

Hydro- 
gen. 

Nitro- 
gen. 

Sul- 
phur. 

Oxygen. 

Ash. 

Percentage 

of  coke 
left  by  each 
coal. 

Evapora- 
ting 
power. 

Wales  

1  -315 

83  -78 

4-79 

0-98 

1-43 

4-15 

4-91 

72-60 

9-05 

Durham  

1  -256 

82-12 

5-31 

1-35 

1-24 

5-69 

3-77 

60-67 

8-37 

Lancasliire  . 

1  -273 

77-90 

5-32 

1-30 

1-44 

9-53 

4-88 

60-22 

7-94 

ScotlHiid  ... 

1-259 

78-53 

5-61 

1-00 

1-11 

9-69 

4-03 

54-22 

7-70 

Derbyshire  . 

1  -292 

79-68 

4-94  ■ 

1-41 

1-01 

10  -28 

2-65 

59-32 

7-58 

Graphite. 

Occurrence. — This  variety  of  carbon  constitutes  the  mineral 
plumbago  or  black-lead.  It  is  found  in  various  crystalline  rocks, 
such  as  granite,  gneiss,  and  diorite.  It  is  possibly  of  vegetable 
origin,  and  in  this  case  corresponds  to  the  most  complete  trans- 


CARBON. 


205 


formation  of  vegetcable  substance,  inasmuch  as  it  never  contains' 
more  than  traces  of  hydrogen.  The  geological  formations  in  which: 
it  occurs  are  Ukewise  much  older  than  the  carboniferous  strata. 

Preparation. — 1.  When  the  diamond  is  exposed  to  the  heat  of 
the  electric  arc  in  an  atmosphere  devoid  of  ojcygen,  it  swells  up 
and  is  converted  in  a  black  mass  of  graphite.  The  various  forms 
of  amorphous  carbon  are  also  converted  into  graphite  imder  thes6 
conditions. 

2.  Cast  iron  is  a  compound  of  carbon  and  iron.  In  the  molten 
state  the  iron  dissolves  more  carbon  than  is  required  for  combina- 
tion, and,  on  cooling,  this  excess  separates  out  as  crystalline  scales 
of  graphite.  When  grey  pig-iron  is  dissolved  in  an  acid,  the 
graphite  remains  behind. 

Properties. — Graphite  crystallises  in  six-sided  plates,  in  which 
form  it  sometimes  occurs  in  nature  ;  but  it  is  more  frequently 
found  in  granular,  foliated,  or  fibrous  masses.  The  natural  variety 
is  greyish-black,  with  a  metallic  lustre  (hence  the  name  Uack-lead), 
and  is  unctuous  to  the  touch.  Its  specific  gravity  varies  from 
1-8  to  2-4.  It  is  soft  enough  to  leave  a  mark  on  paper,  a  property 
which  is  turned  to  account  in  the  manufacture  of  black-lead 
pencils.    It  conducts  heat  and  electricity  well. 

Reaction. — If  1  part  of  pure  graphite  be  heated  for  some  days 
on  a  water-bath  to  60°  with  3  parts  of  potassic  chlorate  and  suffi- 
cient concentrated  nitric  acid  to  render  the  whole  fluid,  a  portion 
of  the  graphite  is  converted  into  graphitic  acid  (CjjH^Og)  and 
by  the  repetition  of  tliis  treatment  pure  grapliitic  acid  may  be 
obtained  in  thin  yellowish  transparent  crystals  (Brodie).  When 
heated,  graphitic  acid  decomposes  with  violence,  evolving  gas,  and 
yielding  a  very  bulky  finely-divided  black  powder  of  pyrographitic 
oxide  (C22II2O4)  which  is  dissolved  by  a  mixture  of  potassic 
chlorate  and  nitric  acid.  Baric  graphitate  detonates  violently 
when  heated. 

Applications.— Gvdi'^'hite,  is  chiefly  employed  in  the  manufacture 
of  black-lead  pencils.  Other  uses  are :  the  coating  of  iron-work 
as  a  preservative  against  rust,  the  polishing  of  gunpowder,  the 
lubrication  of  macliinery,  and  the  preparation  of  plumbago 
crucibles. 

7.  Diamond. 

Occurrence. — This  gem  is  found  in  alluvial  deposits  produced 
by  the  disintegration  of  a  particular  micaceous  rock  known  as 
itacolumite.     It  has  also  been  found  in  matrix  in  the  rock  itself. 
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The  principal  diamond  fields  are  those  of  Brazil  and  the  Cape  of 
Good  Hope. 

Among  all  the  known  allotropic  modifications  of  the  elements 
the  diamond  is  remarkable  as  the  only  one  which  has  not  been' 
produced  artificially. 

Properties.— ThQ  diamond  crystallises  in  forms  derived  from 
the  regular  octahedron.  The  faces  of  the  crystals  are  very  fre- 
quently convex.  The  finer  specimens  are  transparent  and  colour- 
less. Coloured  varieties  are  not  uncommon.  It  possesses  a 
characteristic  and  brilliant  lustre,  known  as  the  adamantine  lustre, 
which  is  due  to  its  very  high  refractive  and  dispersive  power' 
This  lustre  is  artificially  intensified  by  cutting.  The  diamond  is 
the  hardest  of  known  substances,  and  can  be  cut  only  by  means  of 
its  own  dust,  the  gem  being  pressed  against  a  revolving  steel 
plate  covered  with  diamond-dust  and  oil.  Its  specific  gravity 
is  3-55.    It  is  a  non-conductor  of  electricity. 

In  closed  vessels,  it  may  be  heated  to  very  high  temperatures 
without  undergoing  change,  but  when  subjected  to  the  heat  of  the 
electric  arc  it  is  converted  into  graphite.  When  intensely  heated 
in  air  or  oxygen  it  burns,  forming  carbonic  anhydride,  and  leaving 
a  small  quantity  of  ash.  The  diamond  contains  neither  hydrogen 
nor  oxygen. 

The  diamond  is  not  attacked  by  a  mixture  of  potassic  chlorate 
and  nitric  acid. 

Unlike  boron  and  silicon,  the  diamond  does  not  dissolve  in 
molten  aluminium. 

Applications. — Besides  its  well-known  use  as  an  ornament,  the 
diamond  is  employed  in  the  arts.  Diamonds  are  used  for  cutting 
glass,  for  which  purpose  only  the  natural  curved  edge  of  the 
crystal  is  suitable,  as  the  cut  or  broken  diamond  merely  scratches 
the  glass  superficially.  The  rock-boring  apparatus  employed  in 
tunnelling  and  well-sinking  is  frequently  fitted  with  diamonds  set 
in  the  edge  of  a  steel  ring.  Diamond-dust  is  the  best  grinding  and 
polishing  material  for  hard  substances.  For  these  purposes,  inferior 
varieties  of  diamond  may  be  employed.  The  optical  properties  of 
the  diamond  have  caused  it  to  be  used  for  microscopic  objectives ; 
but  the  great  difficulty  of  grinding  lenses  of  so  refractory  a  material 
has  limited  this  application. 
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COMPOUNDS  OF  CARBON  WITH  OXYGEN. 

CARBONIC  ANHYDRIDE. 

CO^. 

Molecular  weight  =  44.     Molecular  volume  □□•      1  tveigU 
22  criths.    Fuses  at  —57°:     Boils  helow  its  fusing  point. 

History. —Th.\s  gas  was  discovered  by  "Van  Helmont  in  the 
seventeenth  century.  It  was  further  studied  by  Black,  but  its  true 
chemical  nature  was  first  demonstrated  by  Lavoisier. 

Occurrence. — Carbonic  anhydride  occurs  in  small  quantity  in 
the  atmosphere,  to.the  extent  of  about  3  volumes  in  10,000  volumes 
of  air.  All  spring-water  contains  it  in  solution,  and,  in  the  case 
of  some  springs  arising  in  volcanic  districts,  the  quantity  of 
carbonic  anhydride  dissolved  is  so  great  as  to  cause  the  water  to 
effervesce  strongly.  In  such  volcanic  districts,  the  gas  is  often 
given  off  from  fissures  in  the  earth,  and  this  continues  for 
thousands  of  years  after  the  cessation  of  active  volcanic  pheno- 
mena. 

Preparation. — 1.  When  carbon  is  burned  in  an  excess  of 
oxygen  or  air  carbonic  anhydride  is  formed :  — 

C    -h    0^       =  CO2. 

Carbonic 
anhydride. 

Unless  an  excess  of  oxygen  or  air  is  employed,  carbonic  oxide 
is  also  formed. 

This  method  is  sometimes  employed  when  carbonic  anhydride 
is  required  in  very  large  quantities  for  manufacturing  purposes,  as 
in  the  preparation  of  white  lead.  Coke  is  bui'nt  in  atmospheric, 
air  for  such  applications. 

2.  The  method  usually  employed  in  the  laboratory,  for  the 
preparation  of  this  gas  in  a  state  approximating  to  purity,  depends 
on  the  fact  that  carbonates  are  easily  decomposed  by  stronger 
acids,  and  that  the  carbonic  acid  thus  produced  instantly  breaks  up 
into  carbonic  anhydride  and  water.  Calcic  carbonate  in  its 
naturally  occurring  varieties,  as  chalk  or  marble,  is  the  salt  usually 
employed  for  this  purpose.  The  marble,  broken  into  coarse  frag- 
ments, is  introduced  into  a  flask  fitted  with  a  funnel  and  delivery 
tube  as  in  the  apparatus  for  the  preparation  of  hydrogen  (Fig.  16, 
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p.  137),  and  the  flask  is  half-filled  with  water.  Hydrochloric  acid 
IS  then  poured  through  the  funnel  until  the  gas  is  evolved  in  a 
sufficiently  rapid  stream : — 

cocao"      +     2HC1     =     CO,    +   OH,    +  CaCl, 

Calcic  Hydrochloric        Carbonic  Water.  Calcic 

carbonate.  acid.  anhydride.  ehloride. 

Other  carbonates  may  be  substituted  for  calcic  carbonate  and 
other  acids  for  hydrochloric  acid  in  the  above  reaction  :— 

COKo,    +    SO,Ho,    =    CO,    +    OH,    +  SO,Ko,. 

Potassic  Sulphuric  Carbonic  Water.  Potassic 

carbonate.  acid.  anhydride.  sulphate. 

COHoKo    +    NO,Ho    =    CO,    +    OH,    +  NO,Ko. 

Hydric  potassic         Nitric  acid.         Carbonic  Water.  Potassic 

carbonate.  anhydride.  niti-ate. 

3.  Sulphuric  acid  cannot  be  employed,  in  the  foregoing  way,  with 
marble  in  the  preparation  of  carbonic  anhydride,  as  the  insoluble 
calcic  sulphate  coats  the  marble  and  prevents  further  action.  But 
if  concentrated  sulphuric  acid  be  poured  upon  clmlk  and  then  a 
little  water  be  added,  the  gas  is  evolved  in  a  steady  current,  as  the 
acid  under  these  conditions  produces  a  disintegration  of  the  chalk. 

4.  Most  carbonates,  when  strongly  heated,  evolve  carbonic 
anhydride,  as  for  example  when  chalk  or  marble  is  calcined  to 
form  quick-lime  : — 

COCao"      =      CaO      +  CO,. 

Calcic  Calcic  Carbonic 

carbonate.  oxide.  anhydride. 

The  carbonates  of  the  alkali  metals  are  the  only  exceptions  to 
this  rule. 

Formation. — When  any  substance  containing  carbon  is  burned 
in  air,  the  carbon  is  converted  into  carbonic  anhydride,  the 
hydrogen  with  which  the  carbon  is  generally  associated  forming 
water.  In  this  way  immense  quantities  of  carbonic  anhydride  are 
continually  discharged  into  the  atmosphere  in  the  combustion  of 
coal  and  wood. 

Active  combustion  is  a  rapid  oxidation.  But  combined  carbon 
may  also  undergo  slow  oxidation  with  production  of  carbonic 
anhydride.  Thus  the  slow  oxidation  of  the  animal  tissues  of  the 
living  body  produces  the  carbonic  anhydride  which  is  given  off 
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from  the  lungs  during  respiration.  This  may  be-  shown  by 
breathing  througli  lime-water,  which  is  thus  rendered  turbid. 

In  fermentation,  decay  and  putrefaction,  processes  in  which 
complex  chemical  changes  take  place  in  organic  matter  under  the 
influence  of  minute  living  organisms,  part  of  the  carbon  of  the 
substance  is  often  evolved  along  with  a  portion  of  its  oxygen  as 
carbonic  anhydride.  Thus  in  the  fermentatioEb  of  grape-sugar 
with  yeast  at  a  temperature  of  about  22° : — 

G,R,,0,    =    2C2H5H0    +  CO,. 

Grape-sugar,  Ethylic  alcohol.  Carbonic 

anhydride. 

A  similar  evolution  of  carbonic  anhydride  occurs  during  the 
formation  of  coal. 

Gircidation  of  Carton  in  Nature. — All  the  carbon  present,  in 
every  form  of  combination,  in  the  bodies  of  plants  and  animals  is 
derived  ultimately  from  the  carbonic  anhydride  of  the  air.  Plants, 
by  means  of  the  chlorophyll,  or  green  colouring  matter  of  their 
leaves,  and  with  the  aid  of  sunlight,  decompose  this  carbonic 
anhydride,  evolving  the  oxygen,  and  retaining  the  carbon  for  the 
purpose  of  building  up  their  tissues.  Animals — the  herbivora 
directly,  the  carnivora  indirectly— derive  their  entire  nourishment 
from  plants.  The  carbon  is  thus  transferred  to  the  bodies  of 
animals,  where  it  serves,  by  its  oxidation,  as  a  source  of  vital  heat 
and  of  energy  of  motion.  The  oxygen  necessary  for  this  oxidation 
is  absorbed  during  respiration  by  the  haemoglobin  or  red  colouring 
matter  of  the  blood,  which  thus  serves  as  a  carrier  of  oxygen  to 
the  tissues ;  and  the  carbonic  anhydride  formed  in  the  oxidation 
is,  as  abeady  stated,  expelled  with  the  breath  and  thus  finds  its  way 
back  into  the  atmosphere. 

A  similar  cycle  of  operations  occurs  vtdth  hydrogen.  The  plant 
decomposes,  under  the  same  conditions,  either  the  aqueous  vapour 
of  the  atmosphere  or  the  water  contained  in  its  own  juices,  evolv- 
ing the  oxygen  and  assimilating  the  hydrogen.  A  portion  of  the 
oxygen,  either  from  the  carbonic  anhydride  or  from  the  water,  or 
from  both,  is  at  the  same  time  retained  by  the  plant.  During  the 
oxidation  of  the  animal  tissues  the  hydrogen  is  for  the  most'^part 
re-oxidised  to  water,  and  in  this  form  is  exhaled  or  otherwise 
■expelled  from  the  body. 

The  plant  thus  inhales  carbonic  anhydride  and  aqueous  vapour 
and  exhales  oxygen.    Animals  inhale  oxygen  and  exhale  carbonic 
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anhydride  and  aqueous  vapour.  Jn  this  way  the  action  of  the  one 
tends  to  balance  that  of  the  other. 

Broadly  speaking,  the  functions  of  the  plant  may  be  said  to  be 
synthetical,  those  of  the  animal  analytical. 

Properties.— Qoxhomo,  anhydride  is  a  colourless  gas,  with  a 
slightly  pungent  odour  and  an  acidulous  taste.  It  does  not  sup- 
port either  combustion  or  respiration:  the  flame  of  a  taper, 
plunged  into  the  gas,  is  extinguished,  and  animals  are  rapidly 
asphyxiated  by  it.  Its  physiological  action  is  that  of  a  narcotic 
poison.  In  small  quantities  it  may  be  breathed  with  impunity ; 
but  air  containing  0-5  per  cent,  produces  headache  and  oppression, 
and  the  presence  of  even  0-2  per  cent,  is  sufficient  to  render  air 
unwholesome. 

The  specific  gravity  of  carbonic  anhydride  is,  according  to 
Eegnault,  1-5241  (air  =  1).  It  is  thus  rather  more  than  one  and 
a  half  times  heavier  than  air.  Owing  to  its  great  density  it  may 
be  collected  by  displacement,  and  may  be  poured  from  one  vessel 
into  another  like  a  liquid.  On  lowering  a  taper  into  the  vessel  into 
which  the  gas  has  been  poured,  the  flame  will  be  extinguished  as 
soon  as  it  is  immersed  in  the  carbonic  anhydride.  In  like  manner, 
if  a  counterpoised  beaker  be  suspended  from  one  arm  of  a  balance 
(as  in  the  experiment  for  demonstrating  the  lightness  of  hydrogen, 
with  the  exception  that  in  the  case  of  carbonic  anhydride  the 
beaker  is  suspended  mouth  upwards),  then,  on  pouring  the  heavy 
gas  from  another  vessel  into  the  beaker,  the  arm  of  the  balance 
supporting  the  beaker  will  be  depressed  by  the  weight  of  the  gas 
This  property,  which  causes  carbonic  anhydride  to  collect  at  the 
lowest  level,  is  sometimes  the  source  of  fatal  accidents,  as  in  cases 
where  weUs  or  beer- vats  containing  this  gas  have  been  incautiously 
entered.  The  phenomena  of  the  Grotto  del  Cane  and  of  the 
Poison  Valley  in  Java  are  due  to  the  same  cause.  Carbonic  anhy- 
dride is  formed  in  coal-mine  explosions  by  the  combustion  of  the 
fire-damp  (methylic  hydride,  CH^),  and  it  frequently  happens  that 
miners  who  escape  the  violence  of  the  explosion  are  asphyxiated 
by  the  after-damp.  It  has  been  shown,  however,  that  the  after- 
damp generally  also  contains  the  much  more  deadly  carbonic 
oxide. 

When  carbonic  anhydride  is  subjected  to  a  pressure  of  36  atmo- 
spheres at  a  temperature  of  0°,  it  condenses  to  a  colourless  liquid. 
The  liquefaction  of  the  gas  may  be  conveniently  efiected  by  means 
of  the  apparatus  shown  in  Fig.  34,  devised  by.  Thilorier.    Into  the 
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strong  wrouglit-iron  generator  g,  hydric  sodic  carbonate,  stirred  up 
with  a  little  over  twice  its  weight  of  water,  is  introduced.  Sul- 
phuric acid  is  poured  into  the  inner  tube  (represented  by  dotted 
lines  in  the  figure)  and  the  head  of  the  generator  is  screwed  on. 
The  generator,  which  swings  upon  trunnions  on  the  stand  s,  is  then 

Fig.  34. 


turned  over  so  as  to  aUow  the  sulphuric  acid  to  flow  out  of  the 
tube  and  mix  with  the  hydric  sodic  carbonate.  Carbonic  anhydride 
is  Kberated  according  to  the  equation — 

2COHoN"ao    -f-    SO2H02    =    2CO2    +    SO^N-ao^  +  2OH5. 

Hydric  sodic  Sulphuric  Carbonic  Sodic  Water, 

carbonate.  acid.  anhydride.  sulphate. 

On  bringing  the  apparatus  back  into  its  former  position,  the 
carbonic  anhydride,  liquefied  by  pressure,  rises  to  the  surface  and 
floats  as  a  layer  on  the  solution  of  sodic  sulphate.  The  generator 
is  then  connected  by  the  copper  tube  t  with  the  wrought-iron 
receiver  r.  On  opening  the  screw-taps  w  and  v,  applying  a  gentle 
warmth  to  the  generator,  and  cooling  the  receiver,  the  liquefied 
anhydride  distils  over  into  the  latter  vessel.  The  screw-tap  v  is 
then  closed;  the  generator  is  disconnected,  emptied,  recharged, 
and  the  above  operations  repeated.  Six  or  seven  charges  suf&ce  to 
fill  the  receiver.    The  nozzle  n  is  then  attached  to  the  receiver  in 
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place  of  the  tube  t.  An  improved  foi\m  of  Thilorier's  apparatus  has 
been  constructed,  in  which  the  liquefied  anhydride,  instead  of 
being  distilled,  is  forced  over  in  the  liquid  state  into  the  receiver 
by  means  of  water  pumped  in  at  the  base  of  the  generator. 

Liquid  carbonic  anhydride  is  colourless  and  very  mobile. 
Under  the  influence  of  heat  it  expands  more  rapidly  than  any 
known  substance,  surpassing  even  the  gases  in  this  respect.  The 
following  table  shows  this  rapid  alteration  of  density : — 

Temperature.  Sp:  gr. 

-10°  -9951 
+  0°  -9470 
+  20°  -8266 

Carbonic  anhydride  at  —78°  exerts  a  pressure  of  760  mm. 
When  the  liquid  is  exposed  to  the  air  the  heat  rendered 
latent  by  its  evaporation  causes  it  to  solidify.  The  following 
apparatus  (Fig.  35)  is  well  adapted  for  procuring  solid  carbonic 
anhydride.  It  consists  of  a  circular  brass  box  in 
two  halves,  one  of  which  fits  over  the  other  as  a 
lid,  each  half  being  furnished  with  a  hollow  handle 
covered  with  wood  or  some  other  bad  conductor  of 
heat.  Through  a  small  tubular  opening  in  the 
circumference  the  nozzle  of  the  screw-tap  of  the 
wrought-iron  cylinder  containing  the  liquefied 
carbonic  anhydride  is  inserted.  On  opening  the 
screw-tap  a  jet  of  liquid  carbonic  anhydride  is 
projected  with  great  violence  into  the  brass  box, 
and  striking  at  a  tangent  to  its  internal  circum- 
ference, flows  round  it,  solidifying  in  the  process, 
and  filling  the  interior  with  a  snow-like  mass. 
On  opening  the  box,  the  snowball  of  solid  carbonic  anhydride  may 
be  removed. 

Solid  carbonic  anhydride  thus  prepared  is  a  coherent  white 
powder,  resembling  snow  in  appearance.  It  may  be  exposed 
for  a  short  time  to  the  air;  but  eventually  disappears  as  gas, 
without  previously  melting.  Though  its  temperature  is  so  low, 
it  may  be  touched  without  inconvenience,  as  the  gas  which  it 
evolves  forms  a  non-conducting  layer  around  it;  but  if  it  be 
pressed  upon  the  skin,  it  produces  a  blister  like  that  caused  by  a 
burn.  It  is  soluble  in  ether,  and  in  this  condition  its  evaporation 
can  be  conveniently  employed  as  a  source  of  cold.    When  the 
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solution  of  carbonic  anhydride  in  ether  is  evaporated  in  vacuo,  the 
temperature  sinks  so  low  as  -110°.  By  means  of  the  depression 
of  temperature  thus  produced,  liquid  carbonic  anhydride  contained 
in  a  tube  may  be  frozen  into  a  transparent  ice-like  solid. 

Water  at  15°  dissolves  its  own  volume  of  carbonic  anhydride 
under  a  pressure  of  760  mm.  The  quantity  of  gas  absorbed  is 
approximately  proportional  to  the  pressure.  (See  Introduction, 
p.  115.)  If  water  be  saturated  with  the  gas  at  a  higher  pressure, 
and  the  pressure  be  suddenly  removed,  evolution  of  gas  ensues. 
The  solubility  of  carbonic  anhydride  decreases  rapidly  at  higher 
temperatures,  and  the  whole  of  the  dissolved  gas  may  be  expelled 
by  boiling. 

Composition  — I.  When  carbon  is  burned  in  oxygen,  it  is  found 
that  the  volume  of  the  carbonic  anhydride  formed  is  exactly  equal 
to  that  of  the  oxygen  employed.  It  is  thus  evident  that  carbonic 
anhydride  contains  its  own  volume  of  oxygen.  In  this  way  the 
composition  by  weight  of  carbonic  anhydride  may  be  deduced. 
Suppose  the  volume  of  oxygen  employed  to  have  been  1  litre — 

1  litre  of  CO^  formed  weighs   22  criths. 

Deduct  the  weight  of  1  litre  of  0    16  „ 

There  remain  :  carbon   6  „ 

Therefore  6  parts  by  weight  of  carbon  combine  with  16  of  oxygen 
to  form  22  parts  of  carbonic  anhydride.  Expressed  in  atomic 
weights,  this  gives — 

Proportion  of  carbon  is  to  oxygen  as  12  :  32, 

corresponding  to  the  formula  COg. 

2.  The  composition  by  weight  of  carbonic  anhydride  can  be 
directly  determined  by  ascertaining  the  weight  of  this  gas  which  is 
formed  when  a  known  weight  of  pure  carbon  (diamond  or  purified 
graphite)  is  burnt  in  a  current  of  oxygen.  This  was  the  method 
employed  by  Dumas  and  Stas.  The  oxygen  is  contained  in  the 
Woulff's  bottle  a  (Fig.  36),  from  which  it  is  expelled  during  the 
operation  by  dilute  caustic  potash,  this  liquid  being  employed  in 
order  to  prevent  the  gas  from  being  contaminated  by  the  carbonic 
anhydride  contained  in  ordinary  water.  It  then  passes  through 
three  U-tubes,  I,  c,  and  d,  the  first  containing  pumice  moistened 
with  strong  potash,  the  second  fragments  of  solid  potash,  and  the 
third  pumice  moistened  with  concentrated  sulphuric  acid.  The 
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oxygen,  thus  thoroughly  freed  from  carbonic  anhydride  and 
moisture,  passes  on  through  the  glazed  porcelain  tube  e/,  which 
contains  the  weighed  portion  of  carbon  placed  in  a  platinum  boat 
This  tube  is  heated  to  redness  in  the  furnace  F,  and  the  carbon  in 
tlie  boat  thus  burns  in  the  current  of  purified  oxygen.  As  car 
bonic  oxide  may  be  formed  in  this  combustion,  the  gases  are  passed 

through  a  second  tube  gh  of  refrac- 
tory glass,  containing  granulated 
cupric  oxide,  and  heated  to  red- 
ness by  means  of  charcoal  placed 
in  the  iron  trough  q.  In  this  way 
any  carbonic  oxide  is  converted 
into  carbonic  anhydride  at  the  ex- 
pense of  the  oxygen  of  the  cupric 
oxide.  The  mixture  of  carbonic 
anhydride  and  oxygen  passes  on 
through  the  U-tube  h,  contaming 
pumice  and  sulphuric  acid ;  then 
the  Liebis's  bulbs 


TO 


Liebig's 
strong 


through 

containing  a  strong  solution  of 
potash,  by  which  the  greater  part 
of  the  carbonic  anhydride  is  ab- 
sorbed; then  through  the  tube 
n  filled  with  pumice  moistened 
with  strong  potash,  in  order  to 
absorb  the  last  traces  of  carbonic 
anhydride.  The  tube  o,  contain- 
ing fragments  of  solid  potash, 
serves  to  arrest  any  moisture 
which  may  be  given  off  from  the 
tube  n.  The  last  tube,  p,  also  con- 
taining fragments  of  solid  potash, 
is  introduced  in  order  to  prevent 
access  of  carbonic  anhydride  and 
moisture  from  the  air  to  the  tube 
The  tubes  h,  m,  n,  and  o  are 
accurately  weighed  both  before 
and  after  the  combustion  of  the 
carbon.  If  the  experiment  has 
been  properly  conducted  so  as  to 
exclude  every  trace  of  moisture, 
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and  if  the  carbon  employed  has  been  V^rleotlj ^^^  ^^^^^ 
the  tube  k  ought  to  show  no  increase  m  weight.    1  he  increase  m 
teiit  of  the  tubes  m,  n,  and  .  gives-  the  weight  of  carbonic  aiihy- 
dricle  formed.  The  weight  of  carbonic  anhydride,  m^nus  the  we^ht 
of  carbon  employed,  gives  the  weight  of  oxygen  ^^^^^'^^f'^^^^^^^ 
way  it  has  been  found  that  1  gram  of  carbon  yields  3  666  grams 
of  carbonic  anhydride.    The  weight  of  oxygen  consumed  is  thei;e- 
fore  2-666  o-rams,  from  which  it  follows  that  32  parts  by  weigiiD 
of  oxy-en  combine  with  12  of  carbon  to  form  44  of  carbonic  anhy- 
dride a  result  which  exactly  coincides  with  that  obtained  by  the 
forec^oing  method.    The  platinum  boat  ought  to  be  weighed  both 
before  and  after  the  experiment  in  order  to  determine  the  weight 
of  ash  which  is  present  in  even  the  purest  forms  of  carbon.  This 
weight  is  then  deducted  from  the  weight  of  carbon  originally  taken. 

^Beactions.—l.  Carbonic  anhydride  is  decomposed  by  the  action 
of  intense  heat,  such  as  that  of  the  electric  spark,  into  carbonic 
oxide  and  oxygen  :— 

CO^    =    CO    +  0. 

Carbonic  Carbonic 
anhydi'ide.  oxide. 

Only  a  smaU  portion  of  the  carbonic  anhydride  is  thus  decom- 
posed, inasmuch  as  when  the  proportion  of  the  products  of  decom- 
position passes  a  certain  limit,  they  again  combine  with  formation 
of  carbonic  anhydride  (see  Introduction,  p.  89). 

2.  When  potassium  is  heated  in  an  atmosphere  of  carbonic 
anhydride,  the  gas  is  decomposed  with  liberation  of  carbon  :— 

3CO2    +    2K2    =    2COK02    +  C. 

Carbonic  Potassic 
anhydride.  carbonate. 

3.  Carbonic  anhydride  acts  upon  metallic  hydrates,  forming 
carbonates : — 

CO2    +    2KHo    =    COK02    +  OH2. 

Carbonic  Potassic  Potassic  Water, 

anhydride.        hydrate.  carbonate. 

CO2    +    KHo    =  COKoHo. 

Carbonic  Potassic  Hydric  potassic 

anhydride,         hydrate.  carbonate. 

CO2    +    CaHo2    =    COCao"    +  OH^. 

Carbonic  Calcic  Calcic  Water, 

anhydride.  hydrate.  carbonate. 
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The  carlsonates  are  very  stable  compounds.  The  alkaline  car- 
bonates may  be  exposed  to  a  white  heat  without  undergoing 
decomposition;  all  other  carbonates  are  decomposed  at  higher 
temperatures  into  metallic  oxide  and  carbonic  anhydride  :— 

COCao''    =    CaO    +  CO2. 

Calcic  Calcic  Carbonic 

carbonate.  oxide.  anhydride. 

The  alkaline  carbonates  are  soluble  in  water;  all  other  car- 
bonates are  insoluble. 

Free  carbonic  acid,  COH02,  is  not  known  in  a  state  of 
purity,  but  the  solution  -of  carbonic  anhydride  in  water  contains 
tliis  acid.  This  is  shown  by  the  fact  that  the  solution  reddens 
litmus,  a  property  not  possessed  by  carbonic  anhydride.  More- 
over, a  solution  of  carbonic  anhydride  saturated  under  pressure 
loses  its  gas  much  more  rapidly  when  freshly  prepared  than  when 
the  saturated  solution  has  been  preserved  under  pressure  for  some 
time,  as  in  the  case  of  artificial  aerated  waters.  This  seems  to 
denote  that  at  first  mere  solution  takes  place,  but  that  in  course 
of  time  the  carbonic  anhydride  combines  chemically  with  the 
water : — 

CO2    +    OH2    =  COH02. 

Carbonic  Water.  Carbonic 

anhydride.  acid. 

With  inorganic  bases  c3,rbonic  acid  almost  always  acts  as  a 
dibasic  acid,  forming  acid  and  normal  salts.  The  acid  carbonates 
of  the  alkalies  are  the  only  acid  carbonates  known  in  the  solid 
state.  Mhereal  salts  of  the  tetrabasic  acid,  CHo^,  have  been 
prepared  (see  Organic  Chemistry).  Dicivpric  carbonate,  CCuo^j, 
which  occurs  as  the  mineral  mysorine,  may  be  regarded  as  a  salt  of 
the  tetrabasic  acid. 

Owing  to  the  insolubility  of  the  carbonates  of  the  alkaline  earths, 
lime-water  or  baryta- water  is  rendered  turbid  by  carbonic  anhy- 
dride, or  by  a  solution  of  a  carbonate.  An  excess  of  carbonic 
anhydride  dissolves  the  precipitate,  owing  to  the  formation  of  an 
acid  carbonate,  which,  however,  can  exist  only  in  solution. 
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CARBONIC  OXIDE. 
CO. 

Molecular  weight  =  28.    Molecular  volume  03-    1  ^^^^^ 
14  critJis.    LiquefiaUe  ly  great  pressure  and  cold. 

ffistory—Gavhonic  oxide  was  discovered   by  Lasonne  m 

1776.  .  ,  , 

Preparation.— 1.  When  carbonic  anhydride  is  passed  over  red- 
hot  charcoal,  it  gives  up  half  of  its  oxygen  to  the  charcoal,  and 
carbonic  oxide  is  formed : — 

CO2    +    C    =  2C0. 

Carbonic  Carbonic 
anhydride.  oxide. 

2.  In  like  manner  red-hot  iron  reduces  carbonic  anhydride  to 
the  lower  stage  of  oxidation : — 

4CO2    +    SFe    =    i^(Fe3)^"'0^   +  4C0. 

Carbonic  Triferric  Carbonic 

anhydride.  tetroxide.  oxide. 

The  reaction  may  be  carried  out  by  passing  carbonic  anhydride 
over  iron  turnings  contained  in  a  tube  of  porcelain  or  iron  heated 
to  redness  in  a  furnace. 

3.  Instead  of  acting  on  free  carbonic  anhydride,  this  gas  may 
be  employed  in  the  nascent  state.  Thus,  if  any  of  the  carbonates 
which  evolve  carbonic  anhydride  at  higher  temperatures  be  heated 
to  redness  with  charcoal  or  iron  filings,  carbonic  oxide  will  be  pro- 
duced : — 

COCao"    -I-    C    =    CaO    +  2C0. 

Calcic  Lime.  Carbonic 

carbonate.  oxide. 

4.  Carbonic  oxide  is  also  formed  when  ferric  or  zincic  oxide  is 
heated  to  redness  with  charcoal : — 

ZnO    +    C    =    Zn    +  CO. 

Zincic  Carbonic 
oxide.  oxide. 

5.  Concentrated  sulphuric  acid,  from  its  strong  aifinity  for 
water,  has  the  power  of  abstracting  the  elements  of  water  from  a 
number  of  organic  substances.    Thus,  when  oxalic  acid  is  heated 
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with  concentrated  sulphuric  acid,  water  is  removed,  and  a  mixture 
of  equal  volumes  of  carbonic  anhydride  and  carbonic  oxide  is 
evolved  : — 

r  COHo 

IcOHo    =  +  +  CO. 

Oxalic  Water.  Carbonic  Carbonic 

anbydride.  oxide. 

The  carbonic  anhydride  may  be  absorbed  by  passing  the  mixed 
gases  through  a  strong  solution  of  sodic  hydrate.  The  carbonic 
oxide  is  thus  obtained  in  a  state  of  purity. 

6.  In  like  manner,  when  formic  acid  or  a  formate  is  heated 
with  concentrated  sulphuric  acid,  pure  carbonic  oxide  is  evolved  :— 

{cOHo    =  +  CO. 

Formic  Water.  Carbonic 

acid.  oxide. 

7.  The  most  convenient  method  of  obtaining  carbonic  oxide 
for  laboratory  purposes  consists  in  heating  potassic  ferrocyanide 
with  from  eight  to  ten  times  its  weight  of  concentrated  sulphuric 
acid  (Fownes).  The  flask  containing  the  mixture  must  be  gently 
heated  in  order  to  start  the  reaction,  which  afterwards  continues 
of  itself.  The  evolution  of  gas  is  apt  to  be  somewhat  violent.  The 
reaction  takes  place  according  to  the  following  equation ; — 

Fe^CeNgK^    +    GOH^    +    GSO^Ho,    =  6C0. 

Potassic  Water.  Sulphuric  Carbonic 

ferrocyanide.  acid.  oxide. 

+    2SO2K02    +    SO^Feo"    +  3S02(NH,0)2. 

Potassic  Fen-ous  Ammonic 

sulphate.  sulphate.  sulphate. 

The  water  necessary  for  the  reaction  is  derived  partly  from  the 
water  of  crystallisation  of  the  potassic  ferrocyanide,  which  is  an 
aquate  of  the  formula  Fe"C(;]SrgK4,30H2,  and  partly  from  the  com- 
mercial sulphuric  acid,  which  never  possesses  the  concentration 
corresponding  to  the  pure  dibasic  acid  SO2H02. 

Formation. — When  air  enters  a  coal  fire  at  the  lower  part  of  a 
grate  or  stove,  the  carbon  combines  with  the  oxygen  of  the  air, 
forming  carbonic  anhydride.  The  carbonic  anhydride  passes 
upwards  through  the  glowing  carbon,  and  is  in  this  way  (see  Meac- 
tion  1,  p.  217)  reduced  to  carbonic  oxide,  which  may  frequently  be 
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seen  burning  witH  a  peculiar  bluisla  flame  where  it  escapes  into  the 
air  at  the  upper  part  of  the  fire.  Sometimes  this  carbonic  oxide 
passes  off  unburnt,  involving  great  waste  of  fuel.  The  same  forma- 
tion of  carbonic  oxide  occurs  on  a  large  scale  in  blast  furnaces. 

Carbonic  oxide  is  also  formed  in  the  destructive  distillation  of 
many  organic  substances  containing  oxygen.  For  this  reason,  it  is 
a  never-failing  constituent  of  coal-gas. 

Properties— Csivbomc  oxide  is  a  colourless  gas,  devoid  of  taste, 
but  possessing  a  faint  odour.  It  is  only  very  slightly  soluble  in 
water.  Neither  the  gas  nor  its  aqueous  solution  has  any  action 
on  litmus.  It  is  readily  inflammable,  and  burns  in  air  or  oxygen 
with  a  pale  blue  flame,  forming  carbonic  anhydride  :— 

CO    4-    O    =  CO2. 

Carbonic  Carbonic 
oxide.  anhydride. 

Mixed  with  half  its  volume  of  oxygen,  as  expressed  in  the  above 
equation,  it  explodes  on  the  approach  of  a  burning  body. 

It  is  perfectly  stable  at  aU  known  temperatures. 

In  its  physiological  action  it  displays  the  characteristics  of  a 
violent  narcotic  poison.  Traces  of  it,  if  present  in  air,  are  sufficient 
to  cause  giddiness  and  headache  when  inhaled ;  in  larger  doses  it 
produces  insensibility,  and  even  death.  SmaU  animals  die  quickly 
in  an  atmosphere  containing  1  per  cent,  of  this  gas.  Its  action 
seems  to  depend  on  the  formation  of  a  compound  of  carbonic  oxide 
with  the  hemoglobin  of  the  blood,  by  which  the  latter  is  prevented 
from  exercising  its  function  as  an  absorbent  of  oxygen.  Carbonic- 
oxide-hsemoglobin  possesses  a  characteristic  absorption  spectrum, 
by  means  of  which  the  presence  of  carbonic  oxide  in  the  blood,  in 
cases  of  poisoning  by  this  gas,  may  be  recognised.  Owing  to  the 
readiness  with  which  carbonic  oxide  is  formed,  such  cases  of  poison- 
ing, both  accidental  and  intentional,  occur  not  infrequently  when 
the  products  of  combustion  from  stoves  or  braziers  are  allowed  to 
escape  into  dwelling-rooms. 

Beactions.-^The  following  reactions  of  carbonic  oxide  all  depend 
upon  its  peculiar  character  as  a  compound  containing  dyad  carbon. 
The  carbon  passes  readily  into  its  normal  tetradic  condition,  and  in 
tliis  way  carbonic  oxide  is  enabled  to  form  additive  compounds, 

1.  At  high  temperatures  carbonic  oxide  acts  as  a  reducing 
agent,  taking  up  oxygen  and  forming  carbonic  anhydride.  Many 
of  the  oxides  of  the  metals  are  reduced  to  the  metallic  state  when 
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heated  in  the  gas,  which  in  this  vyay  plays  an  important  r^.H  ; 
many  metallurgical  operations.  important  part  m 

2.  At  a  temperature  of  80°  carbonic  oxide  is  readily  absorbed 

by  potassium,  forming  a  compound  of  the  formula/^^^ 


3. 


I  COK' 

thP  .  chlorine  in  equal  volumes  unite  under 

7ene  g!^:~  '  ""'^'^'^  occydieMoride  or  phoZ 

CO   +   01^  =  coci^. 

Carbonic  Carbonic 

oxydicliloride. 

Carbonic  oxydichloride  has  a  suffocating  odour.  At  lower 
temperatures  it  condenses  to  a  colourless  liquid,  boiling  at  8-2°  • 

4.  Carbonic  oxide  is  readily  absorbed  by  a  solution  of  cuprous 
chloride  m  hydrochloric  acid,  or  by  solutions  of  cuprous  salts  in 
ammonia  The  compound  with  cuprous  chloride  crystalHses  in 
latty  scales  possessing  the  formula  CO(CuCl)2,20H2 

Composition.— The  composition  of  carbonic'oxide'is  most  readily 
ascertained  by  exploding  the 'gas  with  oxygen  in  a  eudiometer 
100  c  c.  of  carbonic  oxide  and  100  c.c.  of  oxygen  are  introduced 
into  the  eudiometer,  making  a  total  of  200  c.c. 

After  the  passage  of  the  electric  spark,  it  is  found  that  the 
volume  has  been  reduced  to  150  c.c.  Of  these,  100  c.c.  are  absorbed 
by  caustic  potash,  proving  them  to  be  carbonic  anhydride.  The 
remaining  50  c.c.  are  found  to  consist  of  pure  oxygen.  Therefore  the 
carbonic  oxide  has  yielded  its  own  volume  of  carbonic  anhydride, 
taking  up  half  its  volume  of  oxygen  in  the  process.  But  it  has 
already  been  proved  (p.  213)  that  carbonic  anhydride  contains  its 
own  volume  of  oxygen ;  carbonic  oxide  therefore  contains  half  its 
volume  of  oxygen.    Expressing  the  volumes  in  litres :  

1  litre  of  carbonic  oxide  weighs ........  14  criths. 

^  litre  of  oxygen  weighs   8 

DifTerence   fi 

The  difference  is  the  weight  of  carbon.  In  carbonic  oxide  the 
proportion  of  carbon  to  oxygen  is,  therefore,  as  6  :  8,  or,  in  atomic 
weights,  as  12  :  16,  and  the  formula  of  this  compound  is  therefore 
CO. 

The  compounds  of  carbon  with  chlorine,  nitrogen,  and  hydrogen, 
will  be  described  under  Organic  Chemistry. 
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CHAPTEE  XXVI. 

PENTAD  ELEMENTS. 

Section  I. 

NITROGEN,  Azote,  Nj. 

Atomic  weight  =  14  Molecular  weight  =  28.    Molecular  volume  ■ 
m-   1  litre  weighs  14  criths.     Liquefiahle  hy  great  pressure 
and  cold.    Atomicity  ^,  which,  hy  the  miotioal  saturation  of  pairs 
of  bonds,  becomes  reduced  to  "'  or  to'  (see  p.  60).  Evidence 
of  Atomicity : — 

Mtrous  oxide   O'N^- 

Ammonia    N'^Hg. 

Ammonic  chloride   N^H^Cl. 

Phosphoric  fluoride  (analogy)  ....  P^Fg. 

History. — Nitrogen  was  discovered  by  Eutherford  in  1772. 
He  found  that  when  an  animal  was  allowed  to  breathe  the  air 
confined  under  a  bell-jar,  and  the  impure  air  thus  obtained  was 
treated  with  a  caustic  alkali,  a  gas  remained  behind,  incapable  of 
supporting  combustion  or  respiration.  The  name  nitrogen  signifies 
"  the  nitre-producer "  (from  nitrum,  nitre,  and  <yevvd<o,  I  bring 
forth),  and  refers  to  the  fact  that  this  element  is  a  constituent  of 
nitre. 

Occurrence. — Nitrogen  occurs  in  the  free  state  in  the  atmosphere, 
of  which  it  forms  about  four-fifths  by  volume.  Eecently  its  pre- 
sence in  the  sun  and  in  some  nebulaB  has  been  rendered  probable 
by  spectrum  analysis.  In  combination,  it  is  found  in  minute 
quantity  as  ammonia  in  the  atmosphere,  and  it  is  also  a  constituent 
of  numerous  animal  and  vegetable  substances. 

Preparation. — 1.  Nitrogen  is  most  readily  obtained  from  atmo- 
spheric air  by  the  removal  of  the  oxygen.  Por  tliis  purpose  the 
combustion  of  phosphorus  is  usually  employed.  The  phosphorus 
is  placed  in  a  small  porcfelain  crucible,  supported  by  a  cork  floating 
on  water,  and,  after  setting  fire  to  the  phosphorus,  a  bell-jar  is 
placed  over  it.  The  phosphorus  burns,  combining  with  the  oxygen, 
and  forming  dense  white  clouds  of  phosphoric  anhydride,  which 
are  speedily  absorbed  by  the  water.    The  nitrogen  thus  obtained 
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is  never  quite  pure,  inasinuch  as  the  phosphorus  ceases  to  burn 
before  the  last  traces  of  oxygen  have  been  removed.  It  may  be 
purified  by  leaving  it  in  contact  with  moist  phosphorus,  which  by 
its  slow  oxidation  completely  removes  the  remaining  oxygen.  Moist 
allcaline  sulphides,  moist  ferrous  sulphide,  and  a  number  of  other 
easily  oxidisable  substances,  act  in  a  similar  manner  in  removing 
oxygen  from  gaseous  mixtures. 

2.  Very  pure  nitrogen  may  be  obtained  by  passing  a  current  of 
air,  freed  from  carbonic  anhydride  and  moisture,  over  metallic 
copper  contained  in  a  tube  of  hard  glass,  and  heated  to  redness  in 
a  furnace.  The  oxygen  of  the  air  combines  with  the  copper, 
forming  cupric  oxide,  whilst  the  nitrogen  passes  on  unchanged 
and  may  be  collected. 

3.  On  heating  a  concentrated  solution  of  ammonie  nitrite  or  a 
mixture  of  ammonie  chloride  and  potassic  or  sodic  nitrite,  nitrogen 
is  evolved : — 

Ammonie  nitrite.  "Water. 

NH4CI    +    NOmo     =    NaCl    +    ^2    +  2OH2. 

Ammonie  Sodic  Sodic  "Water, 

chloride.  nitrite.  chloride. 

4.  Nitrogen  is  given  off  when  ammonie  dichromate,  or  a  mix- 
ture of  potassic  dichromate  with  ammonie  chloride,  is  heated : — 

"Cr02(NvH40) 

0  =    ^2   +   Cr203    +  4OH2. 

Cr02(NvH40) 

Ammonie  chromate.  Chromic  oxide.  Water. 

5.  When  chlorine  is  passed  through  an  excess  of  an  aqueous 
solution  of  ammonia,  the  chlorine  combines  with  the  hydrogen  of 
the  ammonia,  forming  hydrochloric  acid,  which  unites  with  the 
excess  of  ammonia,  and  nitrogen  is  liberated : — 

8NH3    +    3CI2    =    6NH4CI    +  N"2. 

Ammonia.  Ammonie  chloride. 

The  entrance  of  each  bubble  of  chlorine  into  the  solution  is  attended 
with  a  flash  of  light.  Great  care  must  be  taken  that  the  ammonia 
is  always  in  excess,  otherwise  the  very  dangerously  explosive  com- 
pound, nitrous  chloride,  will  be  forjned. 

Properties. — Nitrogen  is  a  colourless,  tasteless,  and  inodorous 
gas,  slightly  lighter  than  air.    It  is  not  capable  of  supporting 
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either  combustion  or  respiration.  A  lighted  taper  is  extinguished, 
and  small  animals  die  when  plunged  into  this  gas.  It  is  not,  how- 
ever, poisonous,  as  is  evident  from  the  fact  that  it  is  contained  in 
such  large  quantities  in  atmospheric  air.  Water  dissolves  only 
0-025  of  its  bulk  of  the  gas.  Nitrogen  is  neither  acid  nor  alkaline. 
It  is  one  of  the  most  indifferent  bodies  known,  combining  directly 
with  only  very  few  of  the  elements. 

COMPOUNDS  OF  NITBOaEN  WITH  OXYGEN  AND  ■ 

HYDBOXYL. 

Nitrous  oxide  (hyponitrous  anhydride). . 

or. , 


Nitrous  anhydride  

Nitric  peroxide  

and. 


ON2 

N— 0- 

-N 

N 

"N'^O 

II  >o 

N^ 

— N= 

:0 

NO 

0 

0 

0 

II 

II 

NO 

N— 0- 

-N 

NO2 

0=N= 

=0 

NO, 

1 

0=N= 

=0 

NO, 

0=N= 
1 

=0 

0 

0 

NO, 

II 

II 

0 

N— 0- 

-N 

NO, 

II 

II 

0 

0 

NHo 

N— 0- 

-H 

NHo 

11 

N— 0- 

-H 

NOHo 

0=N- 

-0- 

0 

Nitrous  acid   

Nitric  acid   NO2H0        N— 0— H 

0 

The  most  important  member  of  the  above  group,  and  the  starting- 
point  for  the  preparation  of  all  the  others,  is  nitric  acid.  This 
compound  will  therefore  be  described  first. 
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NITRIC  ACID,  Aquafortis. 
NOjHo. 

Molecular  weight  =  63.    Fuses  at  —50°.    Boils  at  86°. 

History. — Mtric  acid  was  known  to  the  alchemists.  Lavoisier 
showed  that  it  contained  oxygen,  but  its  exact  composition  was 
first  ascertained  by  Cavendish. 

Production. — 1,  "When  a  series  of  electric  sparks  is  passed 
between  platinum  points  in  a  glass  globe  containing  air,  red  fumes 
of  nitric  peroxide  {q.v)  are  formed.  On  shaking  the  contents  of 
globe  with  water,  the  red  fumes  disappear,  and  the  water  acquires 
an  acid  reaction,  arising  from  the  presence  of  nitric  acid  in  solution. 
It  was  in  tliis  way  that  the  formation  of  nitric  acid  was  studied  by 
Cavendish.  The  production  of  red  fumes  is  enormously  increased 
by  passing  the  sparks  through  compressed  air. 

In  like  manner,  nitric  acid  is  formed  when  hydrogen  is  burned 
in  oxygen  containing  a  small  proportion  of  nitrogen,  or  M^ien  an 
excess  of  the  gases  obtained  by  the  electrolytic  decomposition  of 
water  is  mixed  with  air  and  exploded  in  a  eudiometer.  Mtric 
acid  is  also  produced  in  the  combustion  of  ammonia  in  oxygen. 

2.  When  nitrogenous  animal  matter  is  slowly  oxidised  by  the 
action  of  the  air,  at  a  temperature  between  20°  and  30°,  in  presence 
of  water  and  powerful  bases,  nitric  acid  is  formed,  and  combines 
with  the  bases  to  form  nitrates.  In  this  way  the  nitrites  and 
nitrates  which  are  found  in  the  shallow  well  waters  of  towns  have 
been  formed  from  the  nitrogenous  matter  contained  in  the  soil.  In 
hot  climates,  particularly  in  districts  where  there  is  little  rain,  the 
nitrates  make  their  appearance  as  an  efflorescence  on  the  surface  of 
the  soil,  as  in  India  and  in  Chili. 

This  natural  formation  of  potassic  nitrate  is  imitated  artificially 
in  the  so-called  nitre  plantations.  In  these,  animal  matters  mixed 
with  lime  and  ashes,  are  placed  in  loose  heaps,  exposed  to  the  air, 
but  sheltered  from  lain.  From  time  to  time  the  heaps  are  \\^atered 
with  urine  and  stable  runnings.  The  nitre  bed  is  usually  lixiviated 
every  three  years,  and  the  product,  consisting  chiefly  of  calcic 
nitrate  is  converted  by  treatment  with  potassic  carbonate  into 
potassic  nitrate,  which  is  purified  by  crystallisation.  In  this  way 
a  cubic  metre  of  earth  may  under  favourable  conditions  be  made  to 
yield  as  much  as  20  kilos,  of  nitre. 
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■  Nitrification  appears  to  depend  upon  the  presence  of  an 
organised  ferment. 

Manufacture. — ISTitric  acid  is  prepared  by  distilling  potassic 
nitrate  (nitre)  or  sodic  nitrate  (cubic  nitre  or  Cliili  saltpetre)  with 
concentrated  sulphuric  acid : — 

NO2K0    +    SO2H02    =    SO2H0K0    +  NO2H0 

Potassic  Sulphuric  Hydric  potassic  Nitric  acid, 

nitrate.  acid.  sulphate. 

By  employing  two  molecules  of  potassic  nitrate  to  one  of  sul- 
phuric acid,  a  saving  of  sulphuric  acid  is  efi'ected,  but  a  higher 
temperature  is  required,  which  destroys  some  of  the  nitric  acid.  In 
this  case  the  reaction  takes  place  in  two  stages,  of  which  the  first 
is  expressed  in  the  above  equation,  whilst  in  the  second,  the  hydric 
potassic  sulphate  acts  upon  another  molecule  of  potassic  nitrate : — 

SO2H0K0    +    NO2K0    =    SO2K02    +  NO2H0 

Hydric  potassic  .  Potassic  Potassic  Nitric  acid, 

sulphate.  nitrate.  sulphate. 

A  further  disadvantage  of  the  second  method  lies  in  the  fact 
that  the  normal  potassic  sulphate  can  be  removed  from  the  retort 
only  in  the  solid  state,  whereas  the  hydric  potassic  sulphate,  from 
its  greater  fusibility,  can  be  poured  out. 

On  a  commercial  scale  the  distillation  is  performed  in  cast-iron 
cylinders  A  (Fig.  37)  lined  with  fire-clay  and  heated  over  a 
furnace.  The  distillate  is  condensed  in  large  stoneware  Woulff's 
bottles,  B,  each  connected  with  the  one  following.  The  last  of 
these  leads  into  a  coke  tower,  down  which  a  stream  of  water 
trickles.     Any  fumes  of  nitric  peroxide  which  have  escaped 


Fig.  37. 
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condensation  in  the  Woulff's  bottles,  are  absorbed  by  the  water  in 
the  coke  tower. 

Chili  saltpetre  is  generally  employed  in.  the  manufacture  of 
nitric  acid.  It  is  cheaper  than  nitre,  and,  owing  to  the  lower 
atomic  weight  of  sodium,  yields  a  larger  proportion  of  nitric 
acid. 

The  acid  thus  obtained  may  be  purified  by  distillation  with  its 
own  volume  of  concentrated  sulphuric  acid.  The  distillate  con- 
tains from  99-5  to  99-8  per  cent,  of  NOjHo. 

Properties. — Pure  nitric  acid  is  a  colourless  fuming  liquid  of 
sp.  gr.  1'53.  It  has  an  irritating  odour,  and  is  powerfully  cor- 
rosive, cauterising  the  skin  and  staining  it  yellow.  It  begins  to 
boil  at  86°,  but  is  partially  decomposed  into  nitric  peroxide, 
oxygen,  and  water,  so  that  gradually  the  distillate  becomes  weaker 
and  the  boiling  point  rises,  till  at  last  a.n  acid  containing  68  per 
cent,  of  NO2II0,  and  boiling  at  120-5°,  distils  over  under  ordinary 
pressure  without  further  change.  This  acid  has  a  sp.  gr.  of  1-414  at 
15°,  and  is  the  ordinary  concentrated  nitric  acid  of  commerce.  If  a 
weaker  acid  be  distilled,  the  liquid  in  the  retort  becomes  gradually 
more  concentrated,  till  the  acid  containing  68  per  cent,  is  obtained, 
which  then  distils  unchanged.  Noth  with  standing  the  constancy 
of  its  boiling  point,  this  acid  is  not  a  definite  compound.  By 
varying  the  pressure  under  which  the  distillation  is  performed, 
acids  of  varying  strength  may  be  obtained,  but  for  each  of  these 
pressures  there  is  a  fixed  strength  of  acid  with  a  constant  boiling 
point.  Under  a  pressure  of  70  mm.  an  acid  containing  only 
66-7  per  cent,  of  NOjHo  distils  over  between  65°  and  70°.  The 
higher  pressure  thus  corresponds  to  the  greater  strength  of  acid, 
the  reverse  being  the  case  with  hydrochloric  acid  (see  p.  156). 

"When  concentrated  nitric  acid  is  mixed  with  water,  diminution 
of  volume  and  elevation  of  temperature  ensue.  The  following 
table  contains  the  specific  gravities  of  various  strengths  of  aqueous 
acid  at  0°  and  15°,  as  determined  by  J.  Kolb : — 


Per  cent.  NO^Ho.  Sp.  gr.  at  0°.  Sp.  gr.  at  15°. 

100-00  1-559  1-530 

900  1-522  1-495 

80-0  1-484  1-460 

700  1-444  1-423 

60-0  1-393  1-374 

50-0  1-334  1-317 
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Per  cent.  NOjHo. 

Sp.  gr.  at  0°. 

Sp.  pr.  at  15° 

40-0 

1-26Y 

1-251 

'  300 

1-200 

1-185 

20-0 

1-132 

1-120 

15-0 

1-099 

1-089 

10-0 

1-070 

1-060 

5-0 

1-031 

1-029 

The  decomposition  which  concentrated  nitric  acid  undergoes 
under  the  influence  of  heat  is  expressed  by  the  following- 
equation  : — 


4NO2H0 

Nitric  acid. 


=  20H, 

Water. 


Nitric  peroxide. 


+  0, 


This  decomposition  is  very  rapid  at  100°,  and  on  this  property  the 
powerful  oxidising  action  of  hot  nitric  acid  depends. 

Concentrated  nitric  acid,  when  exposed  to  the  action  of  light, 
turns  yellow,  owing  to  a  decomposition  similar  to  the  above. 

Eeadions. — 1.  With  metallic  oxides  or  hydrates  nitric  acid 
yields  nitrates : — 


+  NO2H0 


OKH 

Potassic  Nitric  acid 

hydrate. 


NO2K0    +  OH,. 

Potassic 
nitrate. 


Water. 


PbO 

Plumbic 
oxide. 


+  2NO2H0 
Nitric  acid. 


g^^2pw'+  OH,. 


Plumbic 
nitrate. 


Water. 


2.  The  action  of  nitric  acid  upon  metals  is  of  a  somewhat  com- 
plicated character,  varying  not  only  with  different  metals,  but  also, 
for  the  same  metal,  with  the  strength  of  the  acid  employed  and 
the  temperature  at  which  the  reaction  takes  place,  Mtrates  of  the 
metals  are  formed,  but  at  the  same  time  another  portion  of  the 
nitric  acid  is  reduced  to  some  lower  oxide  of  nitrogen.  Thus, 
silver,  copper,  and  mercury,  are  attacked  by  nitric  acid  with  forma-; 
tion  of  nitrates  and  evolution  of  nitric  oxide  : — 

rNo„ 

3Cu    -I-    8NO2H0    =    3^  Cuo'^    +  2'N"0 

Lno, 

Nitric  acid.  Cupric  nitrate.     Nitric  oxide. 

With  very  concentrated  acid,  nitric  peroxide  ('N'^gO  )  is 
generally  evolved,  and  when  the  reaction  takes  place  at  a  high 

Q  2 


+  40H, 


Water. 
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temperature,  a  portion  of  the  nitrio  acid  is  completely  reduced  to 
nitrogen.  When  silver  is  slowly  dissolved  by  weak  nitric  acid  in 
the  cold,  nitrous  acid  is  formed.  ' 

When  nitric  acid  -acts  upon  copper  in  presence  of  much  cupric 
nitrate,  the  gas  evolved  consists  chiefly  of  nitrous  oxide. 

Wlien  nitric  acid  acts  upon  a  more  electro-positive  metal,  such 
as  zinc,  nitrous  oxide  is  evolved,  and  when  a  very  concentrated 
acid  is  employed,  ammonia  is  formed  and  combines  with  the 
excess  of  nitric  acid : — 

fNO, 

4Zn    +     10NO],Ho    -.=     ON,    +         Zno"    +  50H„. 

Nitric  acid.  Nitrous  oxide.     Zincic  nitrate.  Water. 


4Zn    +    9NO2H0  = 

Nitric  acid. 


4 1  Zno"    +    30H,    +  NH,. 

Zincic  nitrate.  Water.  Ammonia. 


By  the  action  of  zinci  in  an  alkaline  solution,  the  whole  of  the 
nitric  acid  present  is  reduced  to  ammonia  by  the  nascent  hydrogen. 
The  ammonia  may  be  distilled,  off  and  absorbed  in  a  solution  of 
hydrochloric  acid.  This  method  is  employed  in  the  quantitative 
estimation  of  nitric  acid. 

3.  The  general  action  of  nitric  iacid  is  that  of  a  powerful  oxidis- 
ing agent.  Sulphur,  phosphorus,  carbon,  amorphous  boron  and 
silicon,  arsenic,  and  iodine,  are  converted  by  treatment  with  nitric 
acid  into  sulphuric,  phosphoric,  carbonic,  boric,  silicic,  arsenic,  and 
iodic  acids.  In  the  case  of  phosphorus  the  oxidation  takes  place 
with  explosive  violence,  and  if  the  concentrated  acid  be  dropped 
upon  hot  sawdust  or  finely  powdered  charcoal,  the  latter  inflames. 

It  has  been  mentioined  under  the  heading  of  hydrochloric  acid 
that  oxidising  agents  liberate  chlorine  from  this  acid.  In  this 
way  chlorine  is  evolved,  from  a  mixture  of  nitric  and  hydrochloric 
acids : — 

NO2H0    +    3HC1    =    NOCl    +    2OH2    +  CI,. 

Nitric  acid.       Hydrochloric        -Mitrous  Water, 
acid.  oxychloride. 

(Nitrosylic  chloride.) 

This  mixture  was  known  to  the  alchemists,  who  gave  to  it  the 
name  aqioa-regia,  from  its  power  of  dissolving  gold,  the  Jdng  of 
metals.    It  is  employed  in  the  laboratory  as  a  solvent  for  gold, 
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platinum,  and  various  ores.  The  solvent  action  depends  on  the 
presence  of  the  chlorine  evolved  in  the  above  reaction. 

The  action  of  nitric  acid  on  organic  compounds  will  be  studied 
ia  connection  with  these  (Organic  Chemistry). 

Nitrates, — Nitric  acid  is  generally  monobasic.  The  numerous 
so-called  basic  nitrates  may,  however,  be  regarded  as  salts  of  tri- 
basic  and  pentabasic  nitric  acid  (NOII03  and  NHdj,).  .  Graham 
first  pointed  out  that  in  basic  salts  the  base  frequentlj^  replaces  the 
water  of  crystallisation  of  the  normal  salt.  This  supposed  water  of 
crystallisation  must,  therefore,  in  as  far  as  it  may  bfe'replaced  by  a 
base,  be  regarded  as  water  of  constitution.    Thus  cupric  nitrate 

^j^Q2Cuo'',30H2.^  and  basic  cupric  nitrate 

(^^q2Cuo",2CuO,OH2)  might  be  formulated  ^q^®^'  Cuo",OH2 

,  NOCuo'' 
NOCuo''^'^^  '^^2- 

The -monobasic  nitrates  are  all  soluble  in  water. 

At  a- high  temperature  the  nitrates  are  all  decomposed.  They 
generally  evolve,  first  pure  oxygen,  then  nitric  peroxide,  or  a 
mixture- of  nitrogen .  and  oxygen,  whilst  an  oxide  of  the  metal  is 
left. 

The  presence  of  nitrates  in  solution  may  be  recognised  by  the 
following  characteristic  reaction The  solution  supposed  to  con- 
tain a  nitrate  is  mixed  in  a  test-tube  with  a  solution  of  ierrous  sul- 
l)hate.  Concentrated  sulphuric  acid  is  then  poured  down  the  side 
of  the  sloping  tube^  so  as  to  sink  to  the  bottom.of  the  liquid  without 
mixing  with  it..  If  a  nitrate  is  present,  a  characteristic  brown 
coloration  wiU  be  visible  at. the  surface' of  contact  of  the  two  layers. 
The  explanation  of  this  ia  that  the  nitric  acid,  liberated  by  the  sul- 
phuric acid,  is  reduced  by  the  ferrous  -  sulphate  to  nitric  oxide,  the 
latter  dissolving  in  the  excess  of  ferrous  sulphate  with  a  brown 
colour. 

NITRIC  ANHYDRIDE. 

Probable  molecular  loeigJii  =  108.    Fiises  at  29-5°    Boils  at  45°. 

History.— mtric  anhydride  was  discovered  by  Deville  in 
1849.  . 
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Freparafion.— This  compound -is  formed  when  dry  chlorine  is 
passed  over  dry  argentic  nitrate  contained  in  a  U-tube  and  heated 
in  a  water-bath.  The  reaction  takes  place  in  two  stages.  In  the 
first  of  these  nitric  dioxychloride,  a  volatile  lic^uid,  is  formed :  

NO.,Ago  -+    CI2    =    NO^Cl    +    AgCl    +  0. 

-^rS'^ntic  Nitric  Argentic 

•  nitrate.  dioxychloride.  chloride. 

In  the  second  the  nitric- dioxychloride ,  acts  on  the.  unattacked 
argentic  nitrate : — 

'NO^A^o    +    NO2OI    =    N2O5    +  AgCl. 

Argentic  Nitric  Nitric  Argentic 

nitrate.  dioxychloride.        anhydride.  chloride. 

The  reaction  begins  at  95°  and,  when  once  started,  continues, 
even  when  the  temperature  is  allowed  to  fall  as  low  as  60°.  .  All 
unnecessary  heating  must  be  avoided,  as  the  anhydride  is  totally 
decomposed  at  a  temperature  very  slightly  above  that  required  for 
its  formation.  The  anhydride  distils  over,  and  is  condensed  in  a 
tube  surrounded  by  a  freezing  mixture. 

"'  2.  Nitric  anhydride  may  also  be  obtained  by  abstracting  the 
elements  of  water  from  nitric  acid "  by  means  of  phosphoric 
anhydride : — 

2NO2H0    =    N2O5    +  OH2. 

Nitric  acid.  Nitric  Water, 

anhydride. 

The  phosphoric  anhydride  is  added  very  graduaUy  to  the  con- 
centrated nitric  acid,  cooled  by  ice,  and  the  pasty  mass  is.  after- 
wards distilled  at  a  low  temperature.  The  anhydride  collects  as  a 
crystalline  mass  in  the  receiver. 

Prpperties. — Nitric  anhydride  forms  .large  colourless  prisms 
which  fuse  at .  29 "5°.  It  boils  with  decomposition  and  evolution 
of  brown  fumes,  about  45°.  When  sealed  in  a  glass  tube  it  may  be 
preserved  unaltered,  if  kept  in  a  cool  place  ;  but,  in  a  warm  room, 
gradually  undergoes  decomposition  into  oxygen  and  nitric  per- 
oxide, ultimately  fracturing  the  tube  with  the  internal  pressure. 

When  thrown  into  water  the,  anhydride '  hisses  violently,  evolv- 
ing great  heat,  and  combining  with  the  water  to  form  nitric 
acid : — 

N2O5    +    OH2    =  2NO^Ho. 

Nitric  Water.  Nitric  acid, 

anhydride. 
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NITROUS  OXIDE,  ffyponitrous  Anhydride,  Laughing  Gas. 

ON2. 

MoUmlar  weight  =  44.     Molecular  volume  HJ-     1  ^^'^^'^  '-"^'^9^'^ 
22  critJis.    Fuses  at  —101°.    Boils  at  —88°. 

History— compound  was   discovered  by  Priestley  m 

1772.  . 

Preparation.—!.  Nitrous  oxide  is  formed  by  the  action  ot 

dilute  nitric  acid  upon  zinc : — 
IONO30    +    4Zn    =    ON2    +    4^  Zno"     +  SOH,. 

Nitric  acid.  Nitrous  oxide.       Zincic  nitrate.  Water. 

Tliis  method  does  not,  however,  yield  the  compound  in  a  state 
of  purity,  and  is  never  employed  in  its  preparation. 

2.  Nitrous  oxide  may  readily  be  obtained  in  large  quantity  by 
heating  ammonic  nitrate.  Under  the  influence  of  heat,  the 
elements  of  water  are  removed  from  this  salt  and  nitrous  oxide 
is  formed : — 

NO^CN^H^O)    =    2OH2    +  ON2 

Amnionic  nitrate.  Water.        Nitrous  oxide. 

The  ammonic  nitrate,  previously  dried,  is  heated  in  a  flask  to 
which  a  delivery  tube  is  attached.  The  heat  must  not  be  applied 
too  suddenly,  otherwise  the  decomposition  takes  place  with  explo- 
sive violence,  and  nitric  oxide  is  formed.  The  gas  is  purified  by 
passing  it  first  through  a  solution  of  ferrous  sulphate,  in  order  to 
absorb  nitric  oxide,  and  then  through  caustic  potash,  to  free  it  from 
chlorine  derived  from  ammonic  chloride  contained  in  the  com- 
mercial nitrate.  It  may  be  collected  over  mercury,  or  over  warm 
water,  in  which  it  is  less  soluble  than  in  cold  water. 

Properties. — Nitrous  oxide  is  a  colourless  gas  with  a  faint 
pleasant  odour  and  a  sweetish  taste.  Its  density  is  1"527  (air 
=  1).  ■  Water  dissolves  about  four-fifths  of  its  volume  of  the  gas, 
and  alcohol  takes  up  a  still  larger  quantity. 

Nitrous  oxide  supports  the  combustion  of  bodies  which  burn  in 
oxygen.  A  glowing  match  is  rekindled  when  plunged  into  the 
gas,  and  burns  almost  as  brightly  as  in  oxygen.  Phosphorus 
burns  with  a  flame  of  dazzling  brightness.  Feebly  burning  sulphur 
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is  extinouished  by  the  gas,  hnt,  if  burning  strongly,  the  combustion 
continues  with  great  vigour. 

All  combustions  in  nitrous  oxide  are  effected  solely  at  the 
expense  of  the  oxygen  contained  in  the  gas,  the  nitrogen  taking 
no  part  in  the  reaction.  In  order  that  combustion  may  continue 
It  IS  necessary  that  the  temperature  of  the  burning  body  should  be' 
sufficiently  high  to  decompose  the  nitrous  oxide  into  nitrogen  and 
oxygen.  If  this  condition  is  not  fulfilled,  combustion  is  impos- 
sible, as  may  be  seen  in  the  case  of  feebly  burning  sulphur 
btrictly  speaking,  therefore,  nitrous  oxide,  as  such,  does  not  support 
combustion.  It  does  so  only  by  the  agency  of  one  of  its  products 
or  decomposition — oxygen. 

Nitrous  oxide  was  first  Hquefiedby  Faraday,  by  heating  ammo- 
nic  nitrate  m  a  bent  tube  (see  p.  152).  It  may  be  most  con- 
veniently Hquefied  with  the  aid  of  a  force-pump,,  cooling  the 
wrought-iron  receiver  with  ice.  Liquid  nitrous  oxide  is  colourless 
and  very  mobile.  It  boils  at  -88°  under  atmospheric  pressure, 
whilst  at  0°  the  tension  of  its  vapour  is  30  atmospheres.  By  means' 
of  the  cold  produced  by  its  own  evaporation,  or  by  plunging  a 
tube  containing  it  into  a  bath  of  solid  carbonic  anhydride  in^'ether, 
and  allowing  this  freezing  mixture  to  evaporate  in  vacuo,  liquid 
nitrous  oxide  may  be  frozen  into  colourless  crystals  resembling 
in  appearance  ammonic  nitrate.  By  the  evaporation  in  vacuo  of  a 
mixture  of  liquid  nitrous  oxide  and  carbonic  disulphide,  a  degree 
of  cold  equal  to  —140°  may  be  obtained.  Liquid  nitrous  oxide,  in 
spite  of  its  low  boiling  point,  may  be  preserved  in  open  glass  tubes 
for  over  half  an  hour.  If  mercury  be  poured  into  this  liquid,  the 
metal  is  instantly  frozen. 

Nitrous  oxide,  when  inhaled,  acts  as  a  narcotic  poison.  In 
smaller  doses  it  produces  temporary  nervous  exhilaration  or  intoxi- 
cation; hence  the  name  laughing  gas.  It  is  employed  in  minor 
surgical  operations  as  an  ansesthetic. 

Composition. — The  composition  of  nitrous  oxide  may  be  ascer- 
tained by  heating  sodium  in  a  bent  glass  tube  containing  a 
measured  volume  of  the  gas  over  mercury  (see  p.  157).  The 
sodium  combines  with  the  oxygen  of  the  gas,  forming  solid  sodic 
oxide  and  liberating  the  nitrogen.  After  the  action  is  finished,  the 
gas  remaining  in  the  tube  is  found  to  possess  exactly  the  same 
volume  as  the  gas  employed,  and  may  be  shown  to  consist  of  pure 
nitrogen.  Hence  nitrous  oxide  contains  its  own  volume  of  nitro- 
gen.   Expressing  the  volumes  in  litres — 
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1  litre  of  nitrous  oxide  weighs   ....  22  criths. 
Deduct  weight  of  1  litre  of  nitrogen  14  „ 

There  remain   8  „ 

which  is  the  weight  of  ^  litre  of  oxygen.  One  litre  of  nitrous 
oxide  therefore  contains  1  litre  of  nitrogen  and  ^  litre  of  oxygen : 
or,  2  volumes  of  nitrogen  combine  with  1  volume  of  oxygen  to 
form  2  volumes  of  nitrous  oxide-.  Expressed  in  atomic  weights, 
28  parts  by  weight  of  nitrogen  combine  with  16  of  oxygen  to  form 
44  of  nitrous  oxide. 

HYEONITROUS  ACID. 
/, /NHo 

\ig-Ho-" 

Known  only  in  its  salts,  or  in  aqueous  solution. 

Preparation  of  Argentic  Hyponitrite,  (^"TS'^kgOn). — When  an  aqneous  solution 
of  potassic  nitrate- is  treated  with  sodium  amalgam  in  the  proportion  of  four  atoms 
of  sodium  to  one  nioleeule  of  nitrate,  a  reduction  of  the  nitrate  takes  place  accord- 
ing to  the  following  e£[uation  : — 

2NO2K0    +    4112    =    "N'aKoa    -I-  4OH2. 
Potassic  Potassic         "Water.  ' 

nitrate.  hyponitrite; 

Potassic  nitrite  is  formed  as  an  intermediate  product  in  this  reaction,  and  a 
saving  of  sodium  amalgam  may  be  effected  by  starting  from  the  nitrite  : — 

2N0Ko  +  2H2  =  "N'sKoj  +  2OH2. 
Potassic  Potassic  Water, 

nitrite.  hyponitrite. 

The  alkaline  liquid  obtained  by  eitheii  of  these  processes  is  then  accurately 
neutralised  with  acetic  acid,  and  argentic  nitrate  is  added.  Argentic  hyponitrite  is 
thus  obtained  as  a  greenish-yellow  precipitate,  which,  by  solution  in  dilute  nitric 
acid  and  precipitation  with  ammonia,  acquires  a  pure  yellow  colour. 

Properties. — Argentic  hyponitrite  may  be  dissolved  in  weak  acids  without  suffer- 
ing immediate  decomposition,. but  the  solution  is  very  unstable. 

A  solution  of.  potassic-  hyponitrite  acidulated  with  acetic  acid  undergoes  decom- 
Dosition  on  heating,  the  liberated  hyponitrous  scid  breaking  up  into  nitrous  oxide 
and  water : — 

"N'2H02.    =    "N'oO    +  OH2- 

Hence  nitrous  oxide  may  be  considered  as  the  anhydride  of  hyponitrous 
acid. 

'      The  acid  salts  of  hyponitrous  acid  are  known  only  in  solution.  Thus  baric  hypo- 
•   •       f  N 

mtnte,"|jjBao",  which  is  insoluble  in  water,  dissolves  in  aqueous  hyponitrous 

acid  with  formation  of  an  acid  salt.  The  existence  of  this  salt  proves  tliat  liypo- 
nitrous  acid  must  be  at  least  dibasic. 


234 


INOEGAJSIC  CHEMISTRY. 


NITROUS  ANHYDRIDE. 

N,03. 

Probable  molecular  weight  =  76. 

Preparation. — 1.  When  nitric  acid  is  heated  along  with  bodies 
capable  of  taking  up  oxygen,  such  as  arsenious  acid  or  starch, 
nitrous  anhydride  is  formed : — 

AS2O3    +    2NO2H0    =    AS2O5    +    N2O3    +  OH2. 

Arsenious  Nitric  acid.  Arsenic  Nitrous  Water, 

anhydride,  anhydride.  anhydride. 

The  nitrous  anhydride  thus  obtained  is  mixed  with  nitric  peroxide. 

2.  Nitrous  anhydride  may  also  be  prepared  by  mixing  4  volumes 
of  nitric  oxide  with  1  volume  of  oxygen.  Direct  combination  takes 
place  according  to  the  equation : — • 

2'N"0    +    0    =  NA- 

Nitric  oxide.  Nitrous 

anhydride. 

Properties. — Nitrous  anhydride  prepared  by  either  of  the 
above  reactions  is  a  reddish  gas,  which,  by  passing  through  a 
TJ-tube  immersed  in  a  freezing  mixture,  may  be  condensed  to  a 
blue  liquid.  It  is  a  very  unstable  compound,  and  undergoes 
gradual  decomposition,  even  below  0°,  into  nitric  oxide  and  nitric 
peroxide : — 

N2O3    =    'N"0    +  'N^^O^. 

Nitrous  Nitric  Nitric 

anhydride.  oxide.  '  peroxide. 

On  warming,  this  decomposition  is  very  rapid. 

The  addition  of  a  small  quantity  of  water  to  nitrous  anhydride 
converts  it  into  nitrous  acid  : — 

N2O3    +    OH2    =  2NOH0. 

Nitrous  Water.  Nitrous 

anhydride.  acid. 

A  larger  quantity  of  water  decomposes  the  compound  with 
effervescence :  nitric  oxide  is  evolved,  and  nitric  acid  remains  in 
solution: — 

3N2O3    +    OH2    =    2NO2H0    +  4'N"0. 

Nitrous  Water.  Nitric  acid.  Nitric  oxide, 

anhydride . 
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The  two  foregoing  reactions  illustrate  strikingly  the  inadequacy 
of  chemical  equations  as  expressions  of  chemical  change.  In  the 
first  equation,  the  proportion  of  water  to  nitrous  anhydride  is 
three  times  as  great  as  in  the  second ;  yet  the  first  stands  for  a 
reaction  in  which  only..a  small  quantity  of  water  is  required,  and 
the  second  for  a  reaction  which  occurs  only  in  presence  of  an 
excess  of  waiter.  The  reason  of  this  discrepancy  is  that  ordinary 
equations  take  no  account  of  the  relative  masses  of  the  reacting 
substances,  and  the  mass  of  a  substance  is  frequently  an  important 
factor,  determining  in  some  cases  the  direction  of  the  chemical 
change. 

NITROUS  ACID. 

NOHo. 

Molecular  loeight  =  47. 

Preparaiion. — Nitrous  acid  may  be  obtained  by  mixing  lique- 
fied nitrous  ■  anhydride  with  water  as  above  described.  It  cannot 
be  prepared  in  a  state  of  purity,  and  is  an  exceedingly  unstable 
compound. 

Decompositions. — 1.  In  the  presence  of  much  water  nitric  acid 
and  nitric  oxide  are  formed : — 

3NOHo    =    NO2H0    +    2'N"0    +  OH2. 

Nitrous  acid.  ■  Nitric  acid.  Nitric  oxide.  Water. 

2.  Under  some  circumstances  nitrous  acid  acts  as  a  reducing 
agent : — 

•2NOH0      +      02      =  2NO2H0. 

Nitrous  acid.  Nitric  acid. 

In  this  way  acidulated  solutions  of  the  nitrites  decolorise  potassic 
permanganate,  reduce  soluble  chromates  to  green  chromic  salts,  and 
precipitate  gold  and  mercuryin  the  metallic  state  from  solutions  of 
their  salts. 

3.  In  many  -other  cases  nitrous  acid  displays  oxidising  pro- 
perties : — 

4NOHo    =    4'N"0    +    2OH2    +  O2. 

Nitrous  acid.        Nitric  oxide.  Water. 

Thus  acid  solutions  of  the  nitrites  liberate  iodine  from  potassic 
iodide  and  bleach  a  solution  of  indigo. 
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mtrites.~Wit\i.  metaUic  oxides  or  hydrates,  nitrous  acid  forms 
nitrites : — 

OKPI    +    NOHo    =    NOKo    +  OH^. 

Potassic  Nitrous  Potnssic  Water, 

hydrate.  acid.  nitrite. 

The  alkaline  nitrites  may  be  most  readily  obtained  by  cautiously 
heating  the  nitrates.  An  addition  of  copper  or  lead  facihtates  the 
reaction  by  aiding  in  the  removal  of  the  oxygen  :— 

2NO2K0    =    2NOKo    +  O2. 

Potassic  Potassic 
nitrate.  nitrite.  ' 

The  temperature  must  not  be  raised  too  high,  otherwise  the 
nitrite  will  be  decomposed.  The  alkaline  nitrites  are  soluble  in 
alcohol,  and  may  thus  be  separated  from  unaltered  nitrate,  which 
is  insoluble. 

The  nitrites  evolve  reddish  vapours  when  treated  with  ,  dilute 
acids,  and  may  thus  be  distinguished  from  the- nitrates,  which,  do 
not  possess  this  property. 


NITRIC  OXIDE. 

Moleadar  xoeight  =  30.    Molecular  volume  ["pl-    1'  litre  weighs 
15  criths.    Liquefiable  hy  great  pressure  and  cold. 

History. — Mtric  oxide  was  discovered  by  Van  Helmont,  who,' 
however,  failed  to  recognise  its  true  character.  It  was  first  investi^ 
gated  by  Priestley. 

Preparation. — 1.  Nitric  oxide  is  formed  when  nitric  acid  acts- 
upon  mercury  or  copper : — 

f-NO, 

3Cu    +    8NO2H0    =    Z\  Cuo"    +    2'N"0    +  4OH2. 

I  NO, 

Nitric  acid.  Cupric  nitrate.        Nitric  -oxide.  Water. 

The  gas  is  purified  by  passing  it  through  a  solution  of  caustic 
soda. 

Nitric  oxide  thus  prepared  is  apt  to  contain  nitrous  oxide  and 
free  nitrogen,  particularly  towards  the  end  of  the  reaction.  In 
order  to  purify  the  product,  advantage  is  taken  of  the  j^roperty 
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which  nitric  oxide  possesses  of  dissolving  in  a  concentrated  solution 
of  ferrous  sulphate.  The  solution  of  this  salt  absorbs  the  gas  in 
large  quantity,  forming  a  compound  of  the  formula  2S02Feo'VN"0, 
which  remains  dissolved  in  the  liquid,  imparting  to  it  a  deep 
brown  colour.  On  heating  this  brown  liquid,  pure  nitric  oxide  is 
evolved. 

2.  Nitric  oxide  may  be  readily  obtained  in  a  state  of  pirrity  by 
acting  upon  nitric  acid  with  ferrous  sulphate.  A  convenient  mode 
of  applying  -this  reaction  consists  in  introducing  into  a  retort 
30  grams  of  nitre  with  240  grams  of  ferrous  sulphate,  and  pouring 
in  through  a  funnel  250  cubic  centimetres  of  a  mixture  of  sulphuric 
acid  with  three  times  its  bulk  of  water  : — 


6SO,Feo"  +  2NO.,Ko  +  SSO^Ho^  =  2'N"0  +  3  ^ 


SO,-('re-,Oe)- 


SO,--' 


Ferrous  Potassic        Sulphuric        Nitric  Ferric  sulphate, 

sulphate.         nitrate.  acid.  oxide. 

+   2SO2H0K0   +  4OH2. 
Hydric  potassic  Water, 
sulphate. 

Properties. — Mtric  oxide  is  a  colourless  gas  of  density  1-039 
(air  =  1).  Water  dissolves  one-twentieth  of  its  volume  of  the 
gas.  Neither  the  gas  nor  its  aqueous  solution  exerts  any  action 
upon  litmus. 

The  molecular  formula  N"0,  deduced  from  the  vapour  density 
of  this  compound,  is  anomalous.  This  formula  involves  the  assumj  - 
tion  that  the  molecule  contains  an  odd  number  of  unsatisfied 
bonds  (see  Note,  p.  182). 

Although  nitric  oxide  contains,  for  the  same  volume  of  nitrogen, 
twice  as  much  oxygen  as  nitrous  oxide,  it  does  not  support  com- 
bustion so  readily,  owing  to  its  greater  stability.  Feebly  ignited 
charcoal  is  extinguished  when  plunged  into  the  gas,  whereas 
strongly  glowing  charcoal  burns  in  it  with  great  brilliancy.  Phos- 
pliorus  may  be  melted  in  the  gas  without  igniting,  and  the  flame  of 
feebly  burning  phosphorus  is  extinguished  by  it ;  but  phosphorus 
already  well  ignited  continues  to  burn  in  it,  emitting  an  intense  light. 
Sulphur,  even  when  burning  strongly,  is  extinguished  by  nitric 
oxide.  A  mixture  of  nitric  oxide  and  the  vapour  of  carbonic 
disulphide  burns  with  a  vivid  blue  flame,  very  rich  in  chemically 
active  rays. 
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Reactions.—!.  When  nitric  oxide  and  oxygen  are  mixed, 
a  reddish  gas  is  formed,  consisting  of  nitrous  anhydride  and 
nitric  peroxide,  both  of  which  compounds  are  produced  by  the 
direct  union  of  the  nitric  oxide  with  the  oxygen  :  

4'N"0    +   O2   =  m'\o^. 

Nitric  oxide.  Nitrous  anhydride. 

2'N"0    +    0,    =  'N-A- 

Nitric  oxide.  Nitric  peroxide. 

These  gases  are  absorbed  by  water,  to  which  they  impart  an  acid 
reaction. 

2.  Nitric  oxide  also  combines  directly  with  chlorine  to  form 
nitrous  oxychloride  {q.v.)  : — 

2'N"0    +    CI2   =  2N0C1. 

Nitric  oxide.  Nitrous  oxycliloride 

(NitrosyUc  chloride). 

The  direct  union  which  occurs  in  the  above  cases  is  probably 
dependent  on  the  presence  of  a  free  bond  in  the  nitrogen  atom  of 
nitric  oxide,  and  the  reactions  consist  in  the  saturation  of  this  free 
bond  by  some  suitable  element. 

Composition. — The  composition  of  nitric  oxide  may  be  deter- 
mined in  the  same  manner  as  that  of  nitrous  oxide  (see  p.  232), 
but  potassium  must  be  employed,  as  sodium  merely  melts  in  the 
gas  without  decomposing  it.  After  the  reaction  is  finished,  it  is 
found  that  the  original  volume  has  decreased  by  one  half,  and  that 
the  residual  gas  is  pure  nitrogen. 

1  litre  of  nitric  oxide  weighs   15  criths. 

Deduct  weight  of  ^  litre  of  nitrogen    7  „ 

There  remain    8  „ 

which  is  the  weight  of  |  litre  of  oxygen.  One  litre  of  nitric  oxide 
contains  therefore  ^  litre  of  nitrogen  and  ^  litre  of  oxygen ;  or 

1  volume  of  nitrogen  combines  with  1  vol.  of  oxygen  to  form 

2  vols,  of  nitric  oxide.  Expressed  in  atomic  weights,  14  parts  by 
weight  of  nitrogen  combine  with  16  of  oxygen  to  form  30  of  nitric 
oxide. 
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NITRIC  PEROXIDE. 

'N'^'Oj  at  higher  temperatures. 

{^NO'^'  °^  '•^'''204'  temperatures. 

Moleaidar  loeight  =  46  and  92.    Molecular  volume  Cn.    1  litre 
weighs  23  to  46  criths.    Fuses  at  —  9°.    Boils  at  22°. 

Preparation. — 1.  ISTitric  peroxide  may  be  obtained  by  the  union 
of  2  volumes  of  nitric  oxide  with  1  of  oxygen  (see  preceding  page). 
The  red  gas  thus  formed  may  be  condensed  in  a  U-tube  immersed 
in  a  freezing  mixture. 

2.  Nitric  peroxide  is  most  conveniently  prepared  by  the  action 
of  nitric  acid  on  arsenious  anhydride  : — 

AS0O3    +    4NO2H0    =    AS2O5    +    2'W\0^  +  2OH2. 

Arsenioiis  Nitric  acid.  Arsenic  Nitric  Water, 

anhydride.  anhydride.  peroxide. 

Small  fragments  of  arsenious  anhydride  are  introduced  into  a 
retort  with  sufficient  nitric  acid  of  sp.  gr.  1'393  to  cover  them. 
The  reaction  takes  place  on  gently  heating,  and  a  mixture  of  nitric 
peroxide  and  nitrous  anhydride  condenses  in  the  receiver,  which  is 
cooled  by  a  freezing  mixture.  By  passing  a  slow  current  of 
oxygen  through  this  mixed  product,  the  whole  of  the  nitrous  anhy- 
dride is  converted  into  peroxide. 

3.  Certain  nitrates,  when  subjected  to  destructive  distillation, 
are  decomposed  into  nitric  peroxide,  oxygen,  and  an  oxide  of  the 
metal.    Plumbic  nitrate  is  well  suited  for  this  purpose : — 

\  VW    =    +    PbO    +    'N%0.    +  0. 

Plumbic  nitrate.  Plumbic  oxide.    Nitric  peroxide. 

The  thoroughly  dried  plumbic  nitrate  is  heated  in  a  retort  con- 
nected with  a  U-tube  which  is  drawn  out  at  its  further  extremity 
to  a  fine  opening  and  surrounded  by  a  freezing  mixture.  The 
liquefied  nitric  peroxide  collects  in  the  tube,  whilst  the  oxygen 
escapes  through  the  fine  opening. 

4.  It  is  also  formed  by  the  action  of  nitric  acid  on  tin : — 

8n,   +   20NO,Ho   =    SnsO^Hoj^   +   SOH^   +  lO'N^O,. 

Nitric  acid.  Metastannic  acid.  Water.  Nitric 

peroxide. 
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5.  Nitric  peroxide  is  also  formed  by  the  action  of  nitric  dioxy- 
cliloride  on  argentic  nitrite  : — 

NOAgo    +    NO.Cl    =    I  NO,    ^  ^g^^ 

Argentic       Nitric  dioxycHoride      Nifric  Argentic 
nitrite.       (Nitroxylic  cKloride).  .  peroxide.  chloride. 

Properties.— mtvic  peroxide  is  a  volatile  liquid  which  solidifies 
at  -9°,  forming  a  white  fibrous  crystalline  mass.  Nitric  peroxide 
displays  remarkable  changes  of  colour,  dependent  upon  'the  tem- 
perature. Just  above  its  fusing  point  it  is  a  colourless  liquid. 
At  0°  it  assumes  a  yellow  tint,  which  deepens  through  orange  to 
brown  as  the  temperature  rises  to  22°  when  the  nitric  pero^xide 
enters  into  ebullition,  yielding  a  reddish-brown  vapour.  This  vapour 
also  assumes  a  darker  colour  as  its  temperature  is  raised,  becoming 
at  last  almost  black. 

The  vapour  of  nitric  peroxide  possesses  a  characteristic  absorp- 
tion spectrum. 

These  changes  of  colour  correspond  to  definite  changes  of  mole- 
cular condition,  as  may  be  seen  from  a  study  of  the  vapour-density 
of  nitric  peroxide  at  different  temperatures.  At  a  'temperature 
very  little  above  its  boiling  poirit  it  possesses  a  vapour-density 
below  that  required  for  the  formula  'N^^O^,  but  nearer  to  this 
value  than  to  that  required  for  'N'^O,.  As  the  ftemperature  rises 
the  vapour-density  diminislies,  till  at  140°  it  corresponds  exactly 
with  the  latter  formula.  There  is,  therefore,  even  at  the  boiling 
point  of  nitric  peroxide,  a  partial  dissociation  of  the  larger  mole- 
cules, 'N^''204,  into  the  smaller,  'N^'O,  ;  but  the  greater  number  of 
the  former  still  remain  intact.  The  decrease  in  vapour-density 
corresponds  with  an  increase  in  the  relative  nuniber  of  dissociated 
molecules.  It  is  probable  that  this  dissociation  begins  even  in  the 
liquid  state,  as  denoted  by  thcchange  of  colour  (see  Note,  p.  182). 

Liquid  nitric  peroxide  is  a  powerfully  corrosive  substance,  and 
its  vapour  is  very  irritating  when  inhaled  even  in  small  quantity. 

Reactions. — 1.  With  metallic  hydrates  and  oxides  it  yields  a 
mixture  of  nitrite  and  nitrate  in  equivalent  proportions  : — 

'W\0^    +    20KH    =    NO^Ko    +    NOKo    -f  OH^. 

Nitric  Potassic  Potassic  Potassic  Water, 

peroxide.  hydrate.  nitrate.  nitrite.  ' 

It  thus  behaves  like  a  compound  anhydride — a  view  of  its 
chemical  character  which  is  supported  by  its  formation  from 
nitric,  dioxy chloride  and  argentic  nitrite  (see  above). 
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i  2.  A  smair  quantity  of  water  acts  like  a  metallic  hydrate,  pro- 
ducing a  mixture  of  nitrous  and  nitric  acids  : — 

;N'\0^    +    OH2    =    NO2H0    +  NOHo. 

Nitric  peroxide.        Water.  Nitric  acid.       .    Nitrous  acid. 

But  an  excess  of  water  decomposes  it  into  nitric  oxide  and  nitric 
acid : — 

3'W\0^    +    2OH2    =    4NO2H0    +  2'N"0. 

Nitric  peroxide.         Water.  Nitric  acid.  NitTic  oxide. 

Composition. — The  composition  of  nitric  peroxide  may  be  ascer- 
tained by  passing  the  vapour  of  a  known  weight  of  the  gas  over 
red-hot  metallic  copper.  The  oxygen  of  the  peroxide  combines 
with  the  copper,  ■  and  may  be  determined-  by  ascertaining  the 
increase  in  weight  of  the  latter.  The  nitrogen  is  liberated,  always 
mixed  however  with  a  small  quantity  of  nitric  oxide,  and  may  be 
collected  and  measured.  The  proportion  of  nitric  oxide  must  also 
be  determined.  From  these  data  the  composition  of  the. peroxide 
may  be  calculated. 

COMPOUNDS  CONTAINING  NITROGEN,   CHLORINE,  AND 

OXYGEN. 

NITBOTTS  OXYCHLORIDE,  Nitrosylic  Chloride,  Chloronitrous  Gas. 

NOCl. 

Molecular  weight  =i  65-5.     Molecular  volume  fTI-    1  litre  weighs  3275  criths. 
Boils  at  0°. 

Preparation.— I.  By  the  direct  union  of  cMorine  and  nitric  oxide : — 

2'N"0  +  01.  =  2N0C1. 
Nitric  Chlorine.  Nitrous 
oxide.  oxychloride. 

(Nitrosylic  chloride.) 

2.  It  is  also  evolved  along  with  chlorine  from  a  mixture  of  nitric  aod  hydro- 
chloric acids  (see  Aqua-regia,  p.  228)  :— 

NO2H0    +    3HC1    =    NOCl    +    20H2    +  Clo. 
Nitric      Hydrochloric    Nitrous  Water, 
acid.  acid.  oxychloride. 

_  Properties.— -Nitrous  oxychloride  is  an  orange-coloured  gas,  which,  in  a  freezing- 
mixture,  condenses  to  a  red  fuming  liquid  possessing  an  odour  of  aqua-regia. 

Jieachons.~l.  Nitrous  oxychloride  is  decomposed  by  water,  into  nitrous  and 
ayorochloric  acids  : — 

NOCl    -f    0H2    =    NOHo    -t-  HCl. 


•Nitrous  Water.  Nitrous  Hydrochloric 
oxychloride.  acid.  acid.  ' 
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Ill  like  manner  it  yields,  with  metallic  oxides  and  hydrates,  a  mixture  of  nitrite  and 
chloride : — 

NOCl    +    20KH    =    NOKo    +    KCl    +  OHj. 
Nitrous        Potassic        Potassic       Potassic  Water, 
oxychloride.     hydrate.         nitrite.  chloride. 

Nitrous  oxychloride  belongs  to  the  class  of  chlorides  of  the  acid  radicals,  a  view 
regarding  its  constitution  which  is  expressed  by  the  name  nitrosylic  chloride.  These 
chlorides  are  derived  from  the  corresponding  acids  by  the  substitution  of  chlorine 
for  hydroxyl.  Water  decomposes  them  into  the  corresponding  acid  and  hydro- 
chloric acid,  as  in  the  foregoing  reaction. 

2.  Nitrous  oxychloride  attacks  mercxiry.  The  cUorine  combines  with  the  metal 
-to  form  mercurous  chloride,  whilst  nitric  oxide  is  hberated  : — 

2N0C1  +  Hg2  =  'He'sCl,  +  2'N"0. 
Nitrous  Mercurous  Nitric 

oxychloride,  chloride.  oxide. 

It  is  without  action  on  gold  or  platinum. 

The  corresponding  bromine  compound,  NOBr,  has  also  been  prepared. 

NITRIC  DIOXYCHLOBIDE,  mtroxylic  Chloride,  Chloropernitrio  Gas. 

NO2CI. 

Molecular  weight  =  81  "5.    Molecular  volume  |  |  |.    1  litre  weighs  40  '75  criths. 
Boils  at  5°. 

Preparation. — 1.  By  passing  nitric  peroxide  and  chlorine  together  through  a 
heated  glass  tube  : — ■ 

'■S'\0^    +    CI2    =  2NO2CI. 
Nitric. peroxide.         Nitric  dioxycWoride. 

(NitroxyUc  chloride.) 

2.  By  the  action  of  chlorine  on  argentic  nitrate  as  already  described  (see  Nitric 
Anhydride,  p.  230). 

3.  By  the  action  of  sulphuric  dioxychlorhydrate  (sulphurylic  chlorhydrate)  on 
nitric  acid : — 

SO3CIH0  +  NO2H0  =  SO2H02  +  NO2CI. 
Sulphuric  Nitric         Sulphuric  Nitric 

dioxychlorhydrate.     acid.  acid.  dioxychloride. 

4.  It  is  most  readily  obtained  by  heating  plumbic  nitrate  with  phosphoric  oxy- 
trichloride : — 

3  \  Pbo"  +    2POCI3    =  I>202Pbo"3  +  6NO2CI. 
LNO2 

Plumbic        Phosphoric  Triplumbic  Nitric 

nitrate.  oxytrichloride.  diphosphate.  dioxychloride. 

The  action  of  the  chlorine  compounds  of  phosphorus  on  acids  and  their  salts  is 
■A  general  method  for  the  preparation  of  the  chlorides  of  the  acid  radicals. 
Properties. — Nitric  oxychloride  is  a  heavy  yellow  oU  boiling  at  5°. 
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Seaction. — Water  decomposes  it  into  nitric  and  liydrocUoric  acids  : — 

ITO3CI    +    OH2    =    NO3H0    +  HCl. 
Nitric        Water.  Nitric  Hydrochloric 

dioxychloride.  acid.  acid. 

Bases  effect  a  similar  decomposition,  yielding  a  mixture  of  nitrate  and  chloride. 

COMPOUNDS  OF  NITROGEN  WITH  HYDROGEN  AND 

EYDROXYL. 

AMMONIA. 

NH3. 

Molecular  weight  =17.     Molecular  volume  n~\-     1  litre  weighs 
■  8-5  criths.    Fuses  at  —  75°.    Boils  at  —  38-5° 

History. — The  aqueous  solution  of  ammonia  was  known  to  tlie 
alchemists.  The  gas  was  first  obtained  by  Priestley,  who  also 
observed  its  decomposition  by  the  electric  spark.  Berthollet  first 
ascertained  its  composition. 

Occurrence. — Ammonia  occurs  in  small  quantity  in  the  air  as 
carbonate,  and  in  rain-water,  especially  in  that  which  falls  during 
thunderstorms,  as  nitrite  and  nitrate.  Most  fertile  soils  contain 
ammonia,.  As  chloride  and  sulphate  it  is  found  in  the  neighbour- 
hood of  active  volcanoes.  Along  with  boric  acid,  it  occurs,  as 
salts  of  ammonia,  in  the  lagoons  of  Tuscany  (p.  196),  having 
probably  been  formed  by  the  action  of  subterranean  steam  upon 
boric  nitride : — 

BN'"    +    3OH2    =    BH03    +  NH3. 

Boric  Water.  Boric  acid.  Ammonia, 

nitride. 

It  also  occurs,  in  the  form  of  its  salts,  in  animal  fluids,  particularly 
in  putrid  urine,  and  in  the  juices  of  plants. 

Formation.— Ammomo.  is  formed  :— 1.  By  the  decay  of  animal 
and  vegetable  matters  containing  nitrogen.  It  is  from  this  source 
that  the  atmospheric  ammonia  is  derived. 

2.  By  the  destructive  distillation  of  these  nitrogenous  matters. 
The  ammonia  of  commerce  is  thus  obtained.  Formerly,  horn, 
hoofs,  and  bones  were  distilled  for  this  purpose,  and  hence  the 
name  spirits  of  hartshorn  was  given  to  ammonia;  but  its  chief 
source  at  the  present  day  is  the  ammoniacal  liquor  of  gas  works, 
in  which  it  occurs  as  a  by-product  from  the  distillation  of  coal 
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Volcanic  ammonia  is  also  a  product  of  the  destructive  distillation 
of  nitrogenous  vegetable  matter,  being  formed  only  where  the  lava 
has  flowed  over  fertile  soil. 

3.  By  the  action  of  nascent  hydrogen  (from  zinc  and  caustic 
alkali)  on  nitric  and  nitrous  acids  (see  p.  228). 

4.  Ammonia  is  also  formed  synthetically  from  its  elements 
when  the  silent  electric  discharge  is  passed  through  a  mixture  of 
nitrogen  and  hydrogen  (Donkin). 

PreparafAon. — Ammonia  may  be  prepared  from  any  of  its  salts 
by  heating  these  with  slaked  lime.  The  chloride  is  usually  em- 
ployed for  this  purpose  : — 

.  2NH4GI    +    CaHo2    =    CaCl2    +    2NH3    +  2OH2. 

Ammonic  Calcic  Calcic  Ammonia.  Water, 

chloride.  hydrate.  chloride. 

One  part  of  ammonic  chloride  is  mixed  with'  2  parts  of  slaked 
lime  in  powder,  and  the  whole  is  heated  in  a  flask.  If  gaseous 
ammonia  is  I'equired,  the  gas  evolved  may  be  dried  by  passing 
over  quicklime  (calcic  chloride  absorbs  gaseous  ammonia),  and 
may  be  collected  either  over  mercury  or  by  upward  displacement. 
When  an  aqueous  solution  is  required  the  gas  is  passed  direct  into 
water,  which  is  contained  in  a  series  of  Woulff's  bottles  fitted  with 
safety-tubes.  The  delivery  tubes  must  pass  to  the  bottom  of  the 
liquid,  otherwise  only  the  upper  layer  would  be  saturated,  as  the 
aqueous  solution  of  ammonia  is  lighter  than  water. 

Properties. — Ammonia  is  a  colourless  gas,  with  a  very  pungent 
odour.  Its  density  is  0"589  (air  =  1).  It  turns  red  litmus  blue, 
and  yeUow  turmeric  paper  brown.  It  neutralises  acids,  uniting 
directly  with  them  to  form  salts  (see  Reactions). 

Ammonia  may  be  liquefied  by  cold  or  pressure.  Faraday  first 
obtained  it  in  the  liquid  state  by  heating  argentic  ammonio- 
chloride  in  one  Hmb  of  a  bent  sealed  tube,  whilst  the  other  was 
immersed  in  a  freezing  mixture.  The  argentic  ammonio-chloride 
is  prepared  by  passing  ammonia  over  dry  argentic  chloride,  which 
in  this  way  absorbs  320  times  its  volume  of  the  gas.  The  double 
compound  parts  with  all  its  ammonia  when  heated  to  112°.  By 
conducting  the  heating  in  a  bent  sealed  tube  as  above  described, 
the  ammonia  is  liquefied  by  the  joint  action  of  its  own  pressure, 
and  of  the  cold  of  the  freezing  mixture.  Calcic  ammonio-chloride 
may  be  substituted  for  the  argentic  compound  in  the  above  experi- 
ment.   Ammonia  may  also  be  liquefied  by  the  action  of  cold  alone 
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at  a  temperature  of  —  40°  to  —  50°  by  passing  the  gas  through  a 
tube  immersed  in  a  mixture  of  ice  and  crystallised  calcic  chloride. 

Liquid  ammonia  is  a  mobile,  colourless,  highly  refracting  liquid, 
boiling  at  -  38-5°.  At  -  10°  it  has  a  sp.  gr.  of  0-65.  When 
subjected  to  a  temperature  below  —  75°  it  solidifies  to  a  white 
crystalline  translucent  mass. 

The  cold  produced  by  the  rapid  evaporation  of  liquid  ammonia 
has  been  utilised  in  Carre's  apparatus  for  the  artificial  production 
of  ice.  Two  strong  wrought-iron  vessels,  A  and  B  (Fig.  38),  are 
connected  by  a  tube  of  the  same  material.  A  contains  an  aqueous 
solution  of  ammonia  saturated  at  0°.  When  ice  is  to  be  prepared 
by  means  of  this  apparatus,  heat  is  applied  to  A,  whilst  B  is 
immersed  in  cold  water.  Gaseous  ammonia  is  evolved  from  A, 
and  condenses  under  its  own  pressure  between  the  double  walls  of 
the  receiver  B.     When  a  sufficient  quantity  of  the  gas  has  been 


Fig.  38. 


driven  off,  A  is  cooled  by  means  of  water,  whilst  the  water  to  be 
frozen  is  introduced  into  a  metal  cylinder,  0,  into  the  cavity  of 
the  receiver  B,  the  space  between  receiver  and  cylinder  being 
filled  with  alcohol,  which  does  not  freeze,  and  serves  as  a 
conducting  medium.  As  the  liquid  in  A  cools,  it  rapidly  re- 
absorbs ammonia,  which  boils  off  from  B  as  fast  as  the  pressure  is 
•removed,  producing  a  great- depression  of  temperature  by  means  of 
the  heat  which  becomes  latent,  and  freezing  the  water  contained 
Jfl  the  metal  cylinder. 

..  Ainmonia  is  exceedingly  soluble  in  water.  Water  at  0°  absorbs 
■•more  than  1100  times  its  volume  of  the  gas,  evolving  great  heat  in 
the  process.    When  the  ammonia  is  pure,  the  absorption  is  in- 
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stantaneous,  the  water  rushing  into  the  space  occupied  by  the  gas 
as  into  a  vacuum.  The  affinity  of  the  two  substances  for  each 
other  is  nevertheless  slight,  as  the  solubHity  of  ammonia  in  water 
decreases  rapidly  at  higher  temperatures,  and  the  gas  is  completely 
expelled  from  the  liquid  by  boiling.  When  exposed  to  the  air,  the 
aqueous  solution  also  parts  with  nearly  all  its  gas  by  diffusion. 
When  ammonia  is  removed  in  the  gaseous  state  from  its  solution, 
the  heat  which  was  liberated  during  the  process  of  solution  is  again 
absorbed  :  thus  by  sending  a  rapid  current  of  air  from  a  foot  blower 
through  concentrated  aqueous  ammonia,  the  gas  is  expelled,  and 
the  temperature  sinks  below  —  40°. 

The  following  table  (Carius)  gives  the  specific  gravity  of 
aqueous  solutions  of  ammonia  of  various  strengths  at  14°.  The 
column  d  contains  the  specific  gravities,  the  column  p  the  corre- 
sponding percentages  of  ammonia. 


Specific  Gravity  Table  of  Aqtieous  Ammonia  at  14°. 


d. 

P- 

d. 

P- 

0-8844 

36 

0  -9347 

17 

0-8864 

35 

0  -9380 

16 

0  -8885 

34 

0  -9414 

15 

0  -8907 

33 

0  -9449 

14 

0  8929 

32 

0-9484 

13 

0  -8953 

31 

0  -9520 

12 

0  -8976 

30 

0  -9555 

11 

0  -9001 

29 

0  -9593 

10 

0 -9026 

28 

0-9631 

9 

0  -9052 

27 

0  -9670 

8 

0  -9078 

26 

0-9709 

7 

0  -9106 

25 

0  -9749 

6 

0-9133 

24 

0  -9790 

5 

0  -9162 

23 

0-9831 

4  , 

0  -9191 

22 

0-9873 

3 

0  -9221 

21 

0-9915 

2 

0  -9251 

20 

0-9959 

1 

0  -9283 

19 

0-9975 

0-6 

0-9314 

18 

0-9991 

0-2 

Ammonia  does  not  support  combustion  and  does  not  burn  in 
air  unless  the  latter  be  heated.  When  mixed  with  oxygen,  how- 
ever, it  is  readily  inflammable,  burning  with  a  pale  yellow  flame. 

At  a  bright  red  heat  ammonia  is  decomposed  into  its  elements. 
This  decomposition,  which  is  best  effected  by  electric  sparks, 
affords  a  means  of  ascertaining  the  composition  of  the  gas  (see 
p.  248). 
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Reactions.— \ .  Ammonia  is  decomposed  by  chlorine  (see  p.  222). 
Bromine  and  iodine  have  a  similar  action.  Under  certain  condi- 
tions, when  chlorine  and  iodine  are  employed  in  excess,  the  explo- 
sive compounds,  nitrous  chloride  and  nitrous  iodide  {c[.v)  are 
formed. 

2.  "When  ammonia  is  passed  over  charcoal  heated  to  redness  m 
a  tube,  ammonic  cyanide  is  formed  and  hydrogen  is  evolved : — 

2NH3    -1-    C    =    N^H^CCN)    +  H^. 

Ammonia.  Ammonic  cyanide. 

3.  The  metals  of  the  alkalies,  when  heated  in  gaseous  ammonia, 
replace  the  hydrogen,  atom  for  atom : — • 

NH3    +    Na    =    NNaHa    +  H. 

Ammonia.  Sodie  amide. 

4.  Ammonia  unites  directly  with  acids  forming  the  ammonium 
salts,  in  which  the  atomicity  of  nitrogen  is  * : — 

N"'H3    +    HCl    =  N^H^Cl. 

Hydrochloric  Amnionic 
acid.  chloride.* 

N"'H3    +    N'O^Ho    ^  N^O^CN^H^O). 

Nitric  acid.  Ammonic  nitrate.f 

2N"'H3    -t-    SO2H02:  =  SO^CN-H^O)^. 

Sulphuric  acid.        Ammonic  sulphate.J 

When  a  glass  rod  moistened  with  hydrochloric  acid  is  brought 
close  to  a  liquid  evolving  ammonia,  white  fumes  of  ammonic 
chloride  are  formed.  If  the  ammonia  is  in  combination,  the  sub- 
stance must  be  warmed  with  a  solution,  of  caustic  alkali  before 
applying  this  test. 

Ammonic  chloride  forms  with  platinic  chloride  a  yellow  crys- 
talline double  salt  of  the  formula  PtCl4,2NH4Cl,  almost  insoluble 
in  water,  and  insoluble  in  alcohol  or  ether.  This  salt  is  einployed 
in  the  quantitative  determination  of  ammonia. 

H  HO 

*  H-i-H.  t  H-N-O-N, 

/\  /\l 

H       O  H 

I         II  I 
X  H— N— 0— S— O— N— H. 

/  \      II      /  \ 
H      H    0    H  U 
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^  Gompo^Hon.~The  composition  of  ammonia  may  be  ascertained 
m  the  following  manner.    A  measured  volume  of  gaseous  am 
moma  IS  introduced  into  an  eudiometer  tube  over  me'rcury 
tube  IS  furnished  with  platinum  wires  fused  into  the  glass  for"  the 
purpose  of  passing  the  electric  spark,  which  is  . furnished  by  a^ 
induction  coil.    The  spark  is  allowed  to  pass  through  the  gas  a 
long  as  any  increase  of  volume  is  observed.    The  resulting  Jxtur 
of  gases  IS  then  measured  ;  an  excess  of  oxygen  is  added^  and  th 
whole  IS  exploded  by  means  of  the  spark.    Two-thirds,  of  the  con- 
traction which  follows  the  explosion  represents  the  volume  of 
hydrogen  contamed  in  the  mixture.    The  following  example  will 
illustrate  the  use  of  .this  method  :— 

The  mixture  . of  gases  resulting. from  the  decom- 
position of  100  cubic  centimetres  of  ammonia 
is  found  to  measure   200  cc 

Add  100  cc.  of  oxygen   *  JOO 

Total   300 

After  explosion  there  remain  [      75  " 

Contraction   225 

The  hydrogen  contained  in  the  "200  cc.  is  therefore  f  x  225  = 
150  cc,  and  the  nitrogen  is  200  -  150  =.^0  cc;  the  two  gases 
are  therefore  present  in  the,  proportion  of  3  volumes  of  hydrogen  to 
1  volume  of  nitrogen.  Further,  as  the  mixed  gases  occupied  twice 
the  volume  of  the  ammonia,  it  is  evident  that  these  4  volumes  in 
combining  have  undergone  the  normal  condensation  to  2  volumes. 
Expressing  the  volumes  in  litres  : — 

1  litre  of  nitrogen  weighs. ,   14  criths. 

3  litres  of  hydrogen  weigh   3 

The  proportion  by  weight  in  which  these  elements  are  combined 
is  therefore:  14  parts  by  weight  of  nitrogen  to  3  of  hydrogen. 
Dividing  e^ch  of  these  numbers  by  the  atomic  weight  of  the  cor- 
responding element,  the  atomic  proportion  1 : 3,  represented  by  tlie 
formula  NH3,  is  arrived  at. 
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AMMONIUM. 

rNH„ 


This  monad  radical  lias  never  been  obtained  in  the  free  state, 
but  its  compounds  are  perfectly  analogous,  in  crystalline  form  and 
other  properties,  to  those  of  potassium.  These  facts  have  led  some 
chemists  to  consider  the  group  NH^  as  a  metal,  to  which  they  have 
given  the  name,. ammonium,  a  hypothesis  which  is  considered  to 
receive  support-  from  the  production  of  an  unstable  amalgam  of 
this  radical.  All  the  compounds  of  mercury  with  metals  are 
found  to  possess  metallic  lustre;  and  this  is  the  case  with  the 
amalgam  of  ammonium.  It  may  be  prepared  by  two  different 
processes.  • 

1.  If  a  solution  of  animonic  chloride  be  electrolysed,  the  nega-, 
tive  electrode  being  mercury  and  the  positive  a  platinum  plate,  the 
mercury  is  observed  to  sweU  up  owing  to  the  formation  of  a  spongy 
metallic  mass.  The  solution  ought  to  contain  an  excess  °of 
ammonia,  otherwise  the  explosive  compound,  nitrous  chloride,  may 
be  formed  at  the  positive  electrode.  '  > 

2.  On  pouring  into  a  slightly  warmed  solution  of  ammonic 
chloride  an  amalgam  of  potassium  or  sodium,  the  amalgam  is 
found  to  swell  enormously,  owing  to  its  conversion  into  ammonium 
amalgam,  whilst  potassic  or  sodic  chloride  is  simultaneously 
formed : — 

Hg^Na^    +    mNH.Cl    =    Hg,(J^vHJni    +  mNaCl. 

Sodic  amalgam.      Ammonic  chloride.     Ammonium  amalgam.     Sodic  cUoride. ' 

Ammonium  amalgam  rapidly  decomposes  into  mercury,  ammonia 
and  hydrogen,  the  ammonia  and  hydrogen  being  liberated  in  the 
proportion  of  2NH3  to  :— 

2Hg„(NvHJ^    =    2nHg    +    2mNH3    +  mH,. 

Ammomum  amalgam.        Mercury.  Ammonia. 

_    Ammonium  plays  the  part  of  a  compound  monad  radical  and 
Its  salts  are  isomorphous  with  those  of  potassium;  they  are  all 
volatile,  unless  the  acid  from  which  they  are  derived'  is  fixed 
;ihey  waUbe  more  fully  described  along  with  the  metals  of  the 
alkalies. 
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HYDROXYLA.MINE. 

NH^Ho. 

This  remarkable  compound,  which  was  discovered  by  Lessen, 
may  be  regarded  as  ammonia  in  which  one  atom  of  hydrogen  has 
been  displaced  by  hydroxyl. 

Preparation.— I.  Hydroxylamine  is  formed  by  the  direct  union 
of  nitric  oxide  with  nascent  hydrogen : — 

2'N"0    +  =  2NH2H0. 

Nitric  oxide.  Hydroxylamine, 

Nitric  oxide  is  passed  into  a  mixture  in  which  hydrogen  is  being 
generated— thus  into  a  flask  containing  tin  and  dilute  hydrochloric 
acid. 

2.  Nitric  and  nitrous  acids  also  yield  hydroxylamine  when 
added  to  the  above  reducing  mixture  :^ — 

NO^Ho    +  =    NH^Ho    +  2OH2. 

Nitric  acid.  Hydroxylamine.  Water. 

In  these  reactions  the  hydroxylamine  remains  in  solution 
combined  with  the  hydrochloric  acid. 

Properties. — Free  hydroxylamine  is  known  only  in  its  aqueous 
solution,  which  is  colourless,  devoid  of  odour,  and  powerfully 
alkaline.  On  distilling  the  solution,  part  of  the  base  passes  over 
with  the  steam,  but  the  greater  part  is  decomposed  with  formation 
of  ammonia.  The  solution  possesses  reducing  properties  and  pre- 
cipitates silver  and  mercury  in  the  metallic  state  from'  the  solutions 
of  their  salts. 

Hydroxylamine  is  a  mon-acid  base.  Its  salts,  which  crystal- 
lise well,  are  formed,  like  those  of  all  amine  bases,  by  the  direct 
union  of  base  and  acid  without  elimination  of  water. 

COMPOUNDS  OF  NITROGEN  WITH  CHLORINE, 
BROMINE,  AND  IODINE. 

NITROUS  CHLORIDE. 

NCI3? 

Preparation. — Nitrous  chloride  is  formed  when  chlorine  is  passed 
into  a  solution  of  ammonic  chloride  warmed  to  about  30°  :— 
NvH.Cl    +    3CI2    =    W"G\    +  4HC1. 


NITROUS  IODIDE. 


The  same  reaction  takes  place  when  a  solution  of  ammonic 
chloride  is  electrolysed,  the  chlorine  which  is  evolved  at  the 
positive  electrode  acting  on  the  ammonium  salt. 

Froperties.—'NitTons  chloride  is  a  yellow  oil,  of  specific  gravity 
1-6,  possessing  a  disagreeable,  pungent  odour.  Its  vapour  irritates 
the  eyes. 

Nitrous  chloride  is  the  most  dangerously  explosive  substance 
known.  A  slight  rise  of  temperature,  or  the  mere  contact  wth 
certain  bodies— such  as  fats,  phosphorus,  or  arsenic— is  sufficient 
to  cause  it  to  decompose  instantaneously  with  explosive  violence 
into  its  elements.  Very  frequently  explosion  occurs  without 
apparent  cause. 

Ammonia  decomposes  it  with  formation  of  ammonic  chloride 
and  liberation  of  nitrogen.  Its  formation  is  therefore  prevented 
by  the  presence  of  an  excess  of  ammonia  (see  Nitrogen,  p.  222). 

The  formula  of  this  compound  has  not  been  ascertained  with 
certainty :  it  may  contain  hydrogen,  and  it  is  possible  that  the 
two  compounds  intermediate  between  ammonia  and  nitrous 
chloride  may  exist : — 

NH3,    NH2CI,    NHCI2,  NCI3. 

NITROUS  BROMIDE. 

NBr3  ? 

This  compound  is  obtained  as  a  dark -red,  very  explosive  oil  by 
adding  an  aqueous  solution  of  sodic  or  potassic  bromide  to  nitrous 
chloride : — 

NCI3    +    3KBr    =    NBrg    +  3KC1. 

Nitrous  Potassic  Nitrous  Potassic 

chloride.  bromide.  bromide.  chloride. 


NITROUS  IODIDE. 

NI3. 

When  aqueous  or  alcoholic  ammonia  is  poured  on  finely  pow- 
dered iodine,  a  black  substance  is  formed,  which  is  highly  explosive, 
and,  when  dry,  detonates  on  the  slightest  touch.  The  product 
varies  in  composition,  according  as  aqueous  or  alcoholic  ammonia 
is  employed,  A  nitrous  hydrodiniodide  is  formed  at  the  same 
time : — 
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4NH3    +  =    NI3    +  8NH,I. 

Ammoma.  Nitrous  iodide.  Ammonic 

iodide. 

3NH3    +  =    NHI2    +  2NH,I. 

Ammonia.  Nitrous  Ammonic 

hydrodiniodide.  iodide. 

THE  ATMOSPHERE. 

The  atmosphere  of  the  earth  consists  of  a  mixture  of  gaseous, 
liquid,  and  solid  matters.  The  chief  gaseous  constituents  are 
nitrogen,  oxygen,  a  small  quantity  of  carbpnic  anhydride  and  a 
varying  proportion  of  aqueous  vapour.  Water  also  occurs  in  the 
liquid  state  in  minute  particles  in  the  form  of  mist.  The  solid 
matters  consist  of  ice  particles,  volcanic  and  other  dust,  sporules 
and  metallic  salts — notably  sodic  chloride— in  a  finely  divided 
state. 

The  atmosphere  is  generally  considered  to  extend  to  a  height 
of  about  45  miles  above  the  earth's  surface,  this  estimate  being 
based  upon  observations  of  the  length  of  time  during  which  the 
twilight  is  visible  in  the  zenith.  Meteorites,  however,  ignite  at  an 
elevation  of  about  200  miles,  proving  the  presence  of  a  medium 
which,  though  of  too  great  tenuity  to  reflect  light,  still  possesses 
density,  and  offers  resistance  to  the  passage  of  bodies  through  it. 
It  is  probable  that  even  this  height  does  not  denote  the  upper 
limit  of  the  atmosphere. 

Owing  to  the  effect  of"  gravitation  and  the  elasticity  of  the 
atmosphere,  the  lower  strata  have  a  much  greater  density  than  the 
higher  strata.  If  the  density,  instead  of  thus  gradually -decreasing 
with  the  elevation,  were  uniform  throughout,  and  identical  with 
that  which  prevails  at  the  earth's  surface,  the  entire  height  of  the 
atmosphere  would  be  only  about  5  miles.  This  diminution  of 
density  is  such  that  at  a  height  of  about  3  miles  the  barometric 
pressure  is  only  half  as  great '  as  at  the  earth's  surface,  and 
consequently  one  half  of  the  atmosphere  lies  below  this  height. 

According  to  the  very  accutate  determinations  of  Eegnault  the 
weight' of  1  litre  of  pure' dry  air  at  0°  and  under  a  pressure  of  760 
millimetres  of  mercury  (the  average  barometric  pressure  at  the 
level  of  the  sea — a  pressure  commonly  referred  to  as  that  of 
1  atmosphere)  in  the  latitude  of  Paris,  is  1-2932  grams.  Air  is 
thus  773  times  lighter  than  water,  10,500  times  .ligliter  than 
mercury,  and  14-45  times  heavier  than  hydrogen.    A  column  of 
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the  height  of  the  atmosphere  and  of  1  inch  square  weighs  15  lbs. 
Thus  27,000,000  tons  rest  upon  every  square  mile  of  the  earth's 
surface. 

The  luminous  rays  of  the  sun  pass  through  the  atmosphere 
without  appreciably  heating  it,  except  in  so  far  as  they  are  inter- 
cepted and  absorbed  by  suspended  solid  or  liquid  matter ;  but  the 
rise  of  temperature  from  the  latter  cause  is  not  great.     The  dark 
heat-rays,  however,  are  partly  absorbed,  and  this  absorption  is  due 
to  aqueous  vapour.     These  dark  rays  represent,  however,  but  a 
fraction  of  the  total  radiant  energy  of  the  sun,  of  which  the  greater 
part  therefore  reaches  the  earth  unimpaired.    Here  bofK  the  visible 
and  the  invisible  rays  are  converted  by  absorption  into  ,  heat ; 
and  radiation  from  the  earth's  surface  in  the  form  of  dark  heat 
is  for  the  most  part  intercepted  by  aqueous  vapour.    In  this  way, 
the  earth  which  has  been  heated  by  the  sun  imparts  its  heat 
to  the  air.  immediately  resting  upon  it,  and  the  aqueous  vapour 
acts  as  a  trap  for  the  solar  rays,  allowing  them  to  enter  freely  in 
the  form  of  luminous  heat,  but  preventing  their  escape  when  they 
are  once  converted  into  dark  heat.    Thus  a  too  rapid  cooling  of 
the  earth's  surface   during  the  absence   of  the  sun,  and  the 
consequent  great  inequalities  of  temperature,  are  prevented.  The 
air,  thus  heated  by  contact  with  the  earth,  expands,  and,  becoming 
lighter,  rises,  and  shares  its  heat  with  the  strata  above,  whilst  air 
from  some  colder  quarter  flows  in  to  supply  its  place.     The  air  is 
thus  in  constant  motion,  and  differences  in  composition  of  the 
atmosphere  in  various  places,  which  might  arise  from  local  causes, 
are  prevented.     To  this  heating  and  cooling,  and  to  the  varying 
quantities  of  aqueous  vapour  present  in  hot  and  in  cold  air,  the 
variations  of  the  barometric  pressure  are  due.     Equalisation  of 
temperature  is  also  eifected  by  the  condensation  of  aqueous  vapour 
during  a  fall  of  temperature,  the  latent  heat  of  vaporisation  being 
recovered  in  this  process. 

The  highest  atmospheric  temperature  (temperature  in  shade) 
that  has  been  observed  is  about  49° ;  the  lowest  —49°. 

The  expansion  of  air  by  heat  is  ()-003665  of  its  volume 
measured  at  0°  for  every  1°  above  0°. 

As  regards  the  chemical  composition  of  the  atmosphere,  the 
proportion  of  oxygen  to  nitrogen  is  nearly  constant;  the  pro- 
portions of  the  other  constituents  are  subject  to  considerable 
variation.  The  following  table  contains  determinations  of  the 
relative  quantities  of  oxygen  and  nitrogen  present  in  dry  air  freed 
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from  carbonic  anhydride.  As  is  usual  in  the  analysis  of  gaseous 
mixtures,  the  results  are  expressed  in  parts  by  volume. 

Composition  of  Atmospheric  Air  from  various  Localities.    In  100 

parts  by  volume. 

Oxygen.  'Nifcrogen. 
Parts  by  volume.       Parts  by  volume. 


St.  Bartholomews  Hospital....  {^»:«««  ^'^l 

Paris  

Lyons   

Toulon  


20-913  79-087 

20-999  79-001 

20-918  79-082 

20-966  79-034 

20-912  79-088 

20-982  79-018 

20-908  79-092 

20-998  79-002 

Madrid                                 ■  20-916  79-084 


Berlin  


Geneva . 


 J' 

L20-982  79-018 

r  20-909  79-091 

  L20-993  79-007 

Montanvert                              20-963  79-037 

Summit  of  Pichinoba,  16,000  ft.{2«:9«  J^l^l 

North  American  Prairie               20-910  79-090 

South  America                          20-960  79-040 

,  ,          n                f  20-918  79-082 

Liverpool  to  Vera  Cruz   ^20-965  79-035 

18,000  ft.  above  London               20-885  79-115 

,^     ,    ,                              r20-876  79-124 
  120-888  79-112 

Ai  •      /T          iQni\               r20-420  79-580 

Algiers  (June  5,  1851)   ^^^^^^^  ^^.^^^ 

■D      f-a       WT.i,  1  tRAQ\      [  20-460  79-540 

Bay  of  Bengal  (Feb.  1,  1849) . .  j^^.^.^  ^^^^^^ 

Ganges  (March  8,  1849)  {IHH  J^_-613 

These  analytical  results,  except  in  the  case  of  the  three  locali- 
ties last  mentioned,  display  a  remarkable  uniformity.  The  cause 
of  the  variation  in  the  case  of  the  sample  from  Algiers  is  unex- 
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plained ;  but  as  regards  the  sample  from  the  Bay  of  Bengal  and 
the  Ganges,  it  is  to  be  noted  that  these  were  collected  during  an 
outbreak  of  cholera  when  the  water  contained  large  quantities  of 
putrefying  organic  matter.* 

The  presence  of  a  very  small  quantity  of  the  oxygen  as  ozone 
has  already  been  referred  to  (p.  166). 

The  average  proportion  of  carbonic  anhydride  present  in  air  is 
about  0-03  per  cent.  ;  but  the  amount  may  vary  considerably 
■owing  to  local  causes.  Thus  the  effect  of  animal  life  is  to  increase 
the  proportion  of  carbonic  anhydride;  that  of  vegetable  life  to 
diminish  it  (see  p.  209).  In  putrefaction  and  in  combustion,  large 
quantities  of  this  gas  are  given  off.  In  London,  combustion  and 
respiration  daily  send  into  the  air  at  least  200,000,000  cubic  feet  of 
carbonic  anhydride.  Each  ton  of  coal  consumed  furnishes  about 
3  tons  of  carbonic  anhydride,  and  abstracts  275  tons  of  oxygen 
from  the  air.  The  variations  due  to  the  above  causes  are  very 
noticeable :  thus  in  crowded  and  ill- ventilated  rooms  the  air  may 
contain  as  much  as  0"3  per  cent,  of  carbonic  anhydride ;  air  from 
the  centre  of  London  contains  O'll  per  cent.  Near  the  surface  of 
the  ocean,  both  oxygen  and  carbonic  anhydride  are  slightly  in 
excess  during  the  day,  and  slightly  deficient  during  the  night. 
This  is  due  to  the  fact  that  these  gases  are  more  soluble  in  water 
than  nitrogen  :  in  the  night  time  the  cold  water  dissolves  them  in 
larger  quantity,  and  this  dissolved  excess  is  again  expelled  when 
the  water  is  heated  by  the  sun's  rays  during  the  day.  At  great 
altitudes  the  proportion  of  carbonic  anhydride  appears  to  increase : 
thus  the  air  at  the  Grands  Mulcts  was  found  to  contain  O'l  per  cent. 

The  proportion  of  aqueous  vapour  present  in  the  air  varies 
greatly.  The  maximum  quantity  of  aqueous  vapour  which  a  given 
volume  of  air  can  take  up  is  constant  for  a  given  temperature,  and 
independent  of  the  pressure.  When  air  has  taken  up  this  maximum 
quantity  it  is  said  to  be  saturated  with  moisture.  The  amount 
necessary  for  saturation  at  a  given  temperature  can  be  calculated 
from  the  tension  of  the  vapour  of  water  for  that  temperature.  In 
this  way  it  is  found  that  1  cubic  metre  of  air  can  take  up  the 
following  weights  of  aqueous  vapour : — • 

*  The  oxygen  in  the  foregoing  samples  was  determined  by  exploding  the  air  with 
hydrogen  and  noting  the  contraction.  If,  as  is  quite  conceivable,  the  air  in  the 
above  abnormal  cases  contained  traces  of  marsh-gas  derived  from  the  decomposition 
of  organic  matter,  a  smaller  contraction  would  be  observed;  and  the  percentage 
of  oxygen  woiild  be  found  too  low. 
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At   0°    4-871  grams. 
„  10     9-302  „ 
■    ■    »  20    17-157  „ 
„  30    30-095  „ 
.  „  40   50-700  „ 

The  air  is  very  seldom  saturated  with  moisture.  When  the  tempe 
rature  of  air  containing  aqueous  vapour  falls,  as  soon  as  the  point 
IS  passed  at  which  the  quantity  of  aqueous  vapour  present  corre- 
sponds to  saturation,  a  separation  of  the  excess  of  this  vapour  in 
the  form  of  mist,  rain,  snow,  or  hail  begins.  This  point  is  known 
'as  the  dew-pomt,  and  by  determining  it  accurately  the  quantity 
of  aqueous  vapour  present  in  incompletely  saturated  air  may  be 
ascertained.  The  usual  proportion  by  volume  of  aqueous  vapour 
m  air  varies  from  0  to  5  per  cent. 

The  question  of  the  proportion  of  aqueous  vapour  present  in 
,air  is  of  great  importance  in  meteorology ;  but  in  the  chemical  ex- 
amination of  air  the  aqueous  vapour  is  taken  into  account  only  in 
so  far  as  by  its  volume  it  diminishes  the  absolute  quantity  of  the 
pther  constituents  present  in  a  given  bulk.  It  is  usual,  in  tlie 
analysis  of  gases,  to  eliminate  the  aqueous  vapour  from  the  result 
by  calculation. 

,  Other  constituents  of  the  air,  which  are,  however,  present  only 
in  minute  quantity,  are  salts  of  ammonia,  namely,  the  carbonate, 
nitrate,  and  nitrite.  Ammonia  is  given  off  in  the  putrefaction  of 
animal  and  vegetable  matter.  Oxides  of  nitrogen  are  formed  when- 
ever a  flash  of  lightning  passes  through  air :  rain-water,  especially 
if  collected  after  a  thunderstorm,  contains  nitrates  and  nitrites. 
The  presence  of  these  nitrogenous  compounds  in  the  air  is  of  great 
importance  to  plant  life,  as  it  is  from  this  source  alone  that  plants 
which  have  not  been  supplied  with  a  nitrogenous  manure  obtain 
the  nitrogen  necessary  for  their  growth.  Plants  cannot  assimilate 
free  nitrogen. 

Another  product  of  putrefaction  which  is  constantly  being 
given  off  into  the  air  is  marsh-gas.  It  is  doubtful,  however, 
whether  the  presence  of  this  compound  in  air  has  been  proved, 
except  in  the  neighbourhood  of  putrefying  matter. 

Although  the  various  gases  which  together  make  up  the 
atmosphere  possess  very  different  specific  gravities,  they  display  no 
tendency  to  separate  from  each  other.  On  the  contrary,  by  the 
laws  of  diffusion,  any  number  of  gases  which  are  brought  into 
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contact,  have  a  tendency  to  become  thoroughly  mixed,  even 
although  there  are  no  actual  currents  in  the  gases,  and  even 
although  the  lighter  gases  may  be  uppermost  at  the  commencement 
of  the  process  (see  p.  121).  The  influence  of  currents  of  air  in 
preserving  uniformity  of  composition  has  already  been  referred  to. 

As  regards  tlie  suspended  matter  in  the  atmosphere,  this  may, 
as  already  stated,  be  both  solid  and  liquid.    These  particles,  even 
when  present  in  small  quantity,  are  rendered  visible  to  the  eye  by 
their  property  of  reflecting  light :  thus  when  a  ray  of  light  passes 
through  a  dark  room,  the  path  of  the  ray  appears  luminous.  By 
filtration  through  cotton  wool,  or  by  subsidence,  the  particles  are 
removed,  and  the  path  of  a  ray  of  light  through  air  thus  purified 
ceases  to  be  visible.    These  particles  are  never  absent  from  air 
under  ordinary  conditions.    "When  solid  particles  are  present  in 
quantity  sufficient  to  obstruct  visibly  the  passage  of  light,  they 
constitute  a  dust-haze.    Piazzi  Smyth  observed  a  strong  dust-haze 
on  the  summit  of  the  Peak  of  Teneriffe  at  an  altitude  of  12,000 
feet.     Minute  liquid  particles  constitute  ordinary  mist  or  fog. 
When  the  surface  of  the  sea  is  violently  agitated  by  the  wind,  par- 
ticles of  sea- water  are  thrown  into  the  air  in  the  form  of  spray : 
these  are  carried  far  inland  by  the  wind,  yielding  by  evaporation 
solid  particles  of  sea  salt,  a  substance  which  is  scarcely  ever  absent 
from  air.    The  yellow  flashes  which  a  Bunsen  flame  emits  from 
time  to  time,  while  burning  in  air,  are  due  to  sodium  compounds, 
as  may  be  proved  by  spectroscopic  examination.  In  the  neighbour- 
hood of  the  sea  the  quantity  of  sodic  chloride  present  in  air  is  of 
course  greater  than  further  inland.    At  Land's  End  for  example, 
the  rain  water  contains  as  much  as  0-033  per  cent,  of  this  salt.  At 
great  altitudes  in  Switzerland  the   air  almost  always  contains 
minute  particles  of  snow,  which  may  be  seen  by  putting  the  eye  in 
shadow  and  looking  into  sunshine.    Among  the  organic  solid 
particles  present  in  air,  are  to  be  reckoned  the  germs  of  putrefac- 
tive and  other  fermentations.    This  is  shown  by  the  fact  that  air 
which  has  been  effectually  freed  from  all  suspended  matter  by 
filtration  does  not  induce  putrefaction  in  milk,  flesh,  urine,  and 
other  readily  alterable  animal  substances,  however  long  these  may 
be  left  in  contact  with  it. 

If  a  Bunsen  flame  be  placed  under  the  path  of  a  ray  of  light  in 
a  dark  room,  the  heated  air  rising  from  the  flame  appears  like  a 
black  smoke,  owing  to  the  absence  of  suspended  matter  in  the 
products  of  combustion.     The  same  phenomenon  may  be  shown 
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though  in  a  less  striking  manner,  by  substituting  for  the  flame  a 
llask  filled  either  with  oil  heated  to  120 — 130°,  or  with  ice-cold 
water,  and  concentrating  the  ascending  or  descending  current  of 
air  upon  the  path  of  the  ray  by  means  of  a  conical  paper  funnel. 
This  phenomenon  has  not  yet  received  any  satisfactory  explana- 
tion. 

It  has  been  shown  by  Lodge  that  the  electrification  of  air  also 
rapidly  removes  the  suspended  particles  contained  in  it. 

That  the  oxygen  and  nitrogen,  which  form  the  chief  constituents 
of  the  atmosphere,  are  present  in  a  state  of  mere  mechanical 
mixture  and  not,  as  was  formerly  supposed,  in  chemical  combina- 
tion, is  proved  by  a  variety  of  considerations.    Thus  the  propor- 
tion by  volume  of  the  two  gases  to  each  other  is  highly  complex, 
21  volumes  of  oxygen  to  79  volumes  of  nitrogen  being  the  simplest 
proportion  that  can  be  assumed;  whereas  in  compounds  of  only 
two  elements  much  simpler  relations  prevail.    No  contraction 
occurs  when  oxygen  and  nitrogen  form  air,  and  there  is  no  case 
known  in  which  two  gases  unite  chemically  in  unequal  proportions 
by  volume  without  contraction.    When  oxygen  and  nitrogen  are 
mixed  in  the  above  proportions,  no  heat  is  evolved,  nor  is  there  any 
other  sign  of  chemical  combination;  nevertheless,  the  mixture 
displays  all  the  properties  of  air.    When  air  is  dissolved  in  water, 
the  proportion  of  its  constituents  is  totally  altered,  owing  to  the 
areater  solubility  of  oxygen ;  thus,  dissolved  air  contains,  in  100 
volumes,  32-5  volumes  of  oxygen  and  67-5  volumes  of  nitrogen. 
Awain,  air  which  has  been  forced  through  a  thin  caoutchouc  mem- 
brane contains  41-6  volumes  of  oxygen  to  58-4  volumes  of  nitrogen, 
owing  to  the  property  which  oxygen  possesses  of  passing  more 
readily  through  caoutchouc.    If  air  were  a  chemical  compound,  the 
proportion  of  its  constituents  could  not  be  thus  altered  by  solution 
or  by  osmosis. 
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HEXAD  ELEMENTS. 

Section  I. ' 
SULPHUR,  S^. 


Atomic  weight  =  32.     Molecular  weight  =  64.    Molecular  volume 
nn   at  1000°,  hit  only  one-third  of  this  at  its  boiling-point. 
1  litre  of  sulphur  vapour  weighs  32  criths.     Rhombic  variety 
fuses  at  114-5°.    Boils  at  445°.     Atomicity     i^,  and  ^.  Evi- 
dence of  atomicity : — 

Sulphuretted  hydrogen  •  ...   S"II  , 

Triethylsulphinic  iodide   S'^Et  I. 

Sulphuric  oxydichloride  {SulpJiurylic  ^ 

chloride)    S^02Cl2. 

Sulphuric  iodide   gvij  _ 

Sodic  dinitrosulphate   S^^O(NO)^mo^. 

History.— TUs  element  has  been  known  from  the  earliest 
historical  times.  * 

Occurrence.— ^xxl^hm  ocenrs  both  native  and  in  combination 
Native  sulphur  is  found  chiefly  in  the  neighbourhood  of  volcanoes  • 
thus  m  Sicily,  whence  the  greater  part  of  the  native  sulphur  of  com- 
merce is  obtained.  In  combination  it  occurs  either  with  metals 
alone  as  sulphides,  or  with  metals  and  oxygen  as  sulphates.  Of 
the  former  the  most  important  as  sources  of  sulphur  are  ferric 
disulphide  or  iron  pyrites  (PeS'g  and  copper  pyrites  (Fe.Cu.SJ. 
The  sulphides  of  zinc,  lead,  mercury,  and  antimony  are  important 
ores  of  these  metals.    The  most  commonly  occurring  sulphates 

??TT'''^'.r^P^''^'~''^^'^  ^o^^'i  two  forms,  as  gypsum 
(SHo.Cao  )  and  as  anhydrite  (SO.Cao'O -baric  sulphate,  or 
heavy  spar  (SO^Bao"),  and  magnesic  sulphate,  which  also  occurs 

SOFn  M™''.A^^^ (SOHo,Mgo'a  and  as  Epsom  salts 
(SOHo,Mgo  ',60H,).  The  sulphates  of  calcium,  magnesium,  and 
sodmm  occiir  m  natural  waters.  Of  gaseous  compounds,  both  sul- 
£  3"  ''"''  ^^""^^        sulphuretted  hydrogen  (sk,)  are  of 

oun^!  exhalations,  the  latter  being  also 

lound  in  many  mineral  waters.    Sulphnr  is  a  constituent  of  many 

s  2 
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complex  organic  compounds  in  the  animal  and  vegetable  king- 
doms. 

Formation  of  Volcanic  Sulphur. — This  is  probably  due  to  the 
mutual  decomposition  of  the  two  volcanic  gases,  sulphurous  anhy- 
dride and  sulphuretted  hydrogen,  in  presence  of  water.  In  this 
reaction  pentathionic  acid  and  water  are  formed,  whilst  sulphur  is 
liberated : — 

rso^Ho 

5S0„    +    5SH,    =    \  (S'g"    +    4OH2    +  5S. 

LsO^Ho 

Sulphurous     Sulphuretted        Pentathionic  "Water, 
anhydride.        hydrogen.  acid. 

Manufacture. — 1.  Native  sulphur  is  usually  mixed  with  large 
quantities  of  earthy  matters,  from  which  it  is  separated  by  fusion. 
In  Sicily,  the  heat  for  this  purpose  is  obtained  by  the  combustion 
of  a  portion  of  the  sulphur  itself.  The  sulphur  ore  is  built  up  into 
a  large  heap  over  a  pit  sunk  into  the  ground.  The  heap  is  ignited 
from  beneath,  and  as  the  heat  slowly  penetrates  through  the  mass, 
the  sulphur  melts  and  flows  into  the  pit,  which  is  so  arranged  that 
the  liquid  product  can  be  drawn  off  during  the  process.  By  this 
method  more  than  half  the  sulphur  burns  away  as  sulphurous 
anhydride. 

2.  Sulphur  is  also  obtained  by  distilling  iron  pyrites  :— 
3PeS2    =    i'(Fe3)^»S4    +  S^. 

Ferric  Triferric 
disulphide.  tetrasulphide. 

The  reaction  is  analogous  to  that  which  takes  place  in  the  prepara- 
tion of  oxygen  from  manganic  peroxide  (p.  160).  The  distiUation 
is  performed  in  fire-clay  cyUnders.  It  is,  however,  in  every  way 
more  economical  to  burn  the  pyrites  in  kHns,  a  method  which  has 
been  generaUy  adopted.  The  kiln  is  lighted  from  below ;  part  of 
the  sulphur  which,  in  the  process  of  distiUation  in  cylinders, 
remains  in  combination  with  the  iron,  burns,  forming  sulphurous 
anhydride;  the  remainder  distHs  off  and  is  condensed.  The 
exhausted  pyrites  is  from  time  to  time  withdrawn  from  the  lower 
part  of  the  kiln,  and  a  fresh  charge  is  introduced  at  the  top,  thus 
rendering  the  process  continuous.  By  this  method  one-half  of  the 
total  sulphur  is  obtained  from  the  pyrites  :— 

3FeS,    +    50,    =    -(Fe3)-'0,    +    3S0,    +  3S. 

/  Triferric  Sulphurous 

disulpWde.  tet--de  anhydride. 
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By  passing  the  products  through  heated  charcoal  a  larger  yield 
can  be  obtained. 

Sulphur  is  obtained  in  a  similar  manner  from  copper  pyrites 
in  the  process  of  roasting  the  ore  in  the  first  stage  of  copper- 
smelting. 

3.  The  alkali-^uaste  obtained  in  the  manufacture  of  sodic 
carbonate  (q.v.)  may  be  made  to  yield  considerable  quantities  of 
sulphur.  This  waste,  which  remains  after  the  extraction  of  the 
sodic  carbonate  from  the  hlack-ash  by  lixiviation,  consists  essentially 
of  insoluble  calcic  oxysulphide,  a  combination  of  calcic  sulphide 
with  calcic  oxide  in  varying  proportions.  "Without  removing 
the  waste  from  the  lixiviating  vats,  a  current  of  air  is  blown 
through  it,  by  which  means  the  calcic  sulphide  contained  in  the 
oxysulphide  is  oxidised  with  considerable  rise  of  temperature, 
yielding  a  mixture  of  soluble  polysulphides  of  calcium  and  calcic 
thiosulphate  : — 

(a.)  2CaS  +  0  +  OH2  =  Ca(S"2)"  +  CaHo^. 

Calcic  Bixlphide.  Water.      Calcic  disulphide.     Calcic  hydrate. 

(&.)  Ca(S"2)"    +    30   =  S02(^gCay'. 

Calcic  disulphide.  Calcic  thiosulphate. 

Calcic  sulphide  is  also  liberated  from  its  combination  with  the 
lime  and  becomes  soluble.  The  oxidation  is  allowed  to  proceed  till 
one-half  of  the  sulphur  has  been  converted  into  thiosulphate,  and 
the  remainder  into  calcic  sulphide  or  polysulphide,  after  which  the 
whole  is  lixiviated,  and  the  solution  treated  with  hydrochloric  acid. 
The  sulphur  is  liberated,  as  represented  by  the  following  equa- 
tion : — 

2CaS  +  ^oJ^Qb^"  +  6HC1  =  4S  +  SCaClg  +  SOHa- 

Calcic  Calcic  Hydrochloric  Calcic  Water, 

sulphide.        thiosulphate.  acid.  chloride. 

Calcic  polysulphides  undergo  an  analogous  decomposition  with 
calcic  thiosulphate  when  treated  with  hydrochloric  acid,  but  the 
quantity  of  sulphur  liberated  is  proportionately  larger. 

The  sulphur  thus  obtained  is  melted  under  superheated  water. 

4.  Sulphur  is  obtained  in  the  purification  of  coal-gas.  The 
crude  gas  contains  sulphuretted  hydrogen.  In  order  to  remove 
this  impurity,  the  gas  is  passed  through  ferric  hydrate,  which 
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absorbs  the  sulphuretted  hydrogen  with  formation  of  ferrous  sul- 
phide and  separation  of  sulphur  : — 

PeaHog    +    SSH,    =    2PeS    +    S    +  COH^. 

Ferric  Sulphuretted        Ferrous  Water, 

liydiate.  hydrogen.  sulphide. 

When  the  mixture  has  lost  its  absorptive  power,  it  is  exposed  to 
the  air  in  a  moist  state,  ferric  hydrate  being  thus  regenerated  and 
sulphur  set  free : — 

2PeS    +    3OH2    +    30   =   Fe^Hog   +  S^. 

Ferrous  sulphide.      "Water.  Ferric  hydrate. 

In  this  condition  the  naixture  is  again  employed  in  the  removal  of 
sulphuretted  hydrogen.  These  alternate  processes  of  absorption 
and  oxidation  are  repeated  till  the  mixture  contains  half  its  weight 
of  sulphur,  when  the  latter  is  separated  by  distillation. 

Refining.  —  Crude  sulphur  is  generally  contaminated  with 
earthy  impurities,  from  which  it  is  separated  by  distillation.  The 
operation  is  conducted  as  shown  in  Kg.  39.    The  crude  sulphur  is 
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first  introduced  into  the  iron  pot  ^,  where  it  is  melted.  The 
areater  part  of  the  impurities  sink  to  the  bottom,  and  the  melted 
Julphur  is  run  off  into  the  retort  B,  wlience  it  is  distilled  into  the 
large  brick-work  chamber  C.  When  the  distillation  is  conducted 
rapidly,  so  as  to  keep  the  temperature  of  the  chamber  above  the 
melting-point  of  sulphur,  the  latter  condenses  in  the  liquid  state 
and  collects  on  the  floor  of  the  chamber,  whence  it  may  be  drawn 
off  by  the  tap  D,  to  be  run  into  slightly  conical  box-wood  moulds. 
The  sulphur  thus  obtained  is  known  as  roll  sulphur.  When  the 
distillation  proceeds  slowly,  and  the  temperature  of  the  chamber  is 
consequently  lower,  the  sulphur  is  deposited  as  a  fine  crystalline 
dust  on  the  walls  and  floor  of  the  chamber.  This  form  is  termed 
flowers  of  sulphur. 

Froperties.—8\il-ph.uv  is  capable  of  existing  in  several  allotropic 
modifications,  of  which  the  following  are  the  most  important : — 

Specijic         Behamour  with  carbonic 
Condition.  gravity.  disulphide. 

a..  Rhombic  (octahedral). . . .  2-05  Soluble. 

/3.  Monoclinic  (prismatic)  . .  1-98  Transformed  into  a. 

7.  Plastic    1-95  Insoluble. 

I.  Powder   1*95  Insoluble. 

The  rhombic  form  is  that  in  which  sulphur  occurs  in  nature. 
This  form  displays  great  variety  of  crystalline  combinations :  the 
most  frequently  occurring  combination,  in  which  the  rhombic  octa- 
hedron is  dominant,  is  shown  in  Fig.  40.  Ehombic  sulphur  is 
insoluble  in  water,  somewhat  soluble  in  alcohol,  ether,  and  hydro- 
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carbons,  readily  soluble  in  carbonic  disulpliide  and  disulijbur 
dichloride.  From  these  solvents  it  is  again  deposited  in  the  rhom- 
bic form.    Ehombic  sulphur  fuses  at  114-5°. 

The  behaviour  of  melted  sulphur  is  anomalous.  Just  above  its 
f using-point  it  forms  a  clear,  yellow,  mobile  liquid ;  but  on  raising 
the  temperature  the  colour  deepens,  changing  to  a  reddish-brown, 
whilst  the  liquid  becomes  viscid.  At  about  230°  it  is  almost  black, 
and  is  so  thick  that  the  vessel  in  which  it  is  contained  may  be 
inverted  without  spilling  the  contents.  Heated  above  this  tem- 
perature it  again  becomes  liquid,  still  however  preserving  its  dark 
colour,  till  at  447°  it  boils,  giving  off  a  reddish-brown  vapour.  One 
litre  of  this  vapour  at  524°  weighs  96  criths,  whereas  above  860° 
the  weight  of  1  litre  of  sulphur  vapour  is  32  criths,  or  only  one- 
third  of  the  first-mentioned  value.  From  this  it  follows  that  above 
860°  the  molecule  of  sulphur  contains  two  atoms,  but  that  just 
above  its  boiling-point,  the  molecule  is  hexatomic. 

If  sulphur,  heated  to  its  boiling-point,  be  allowed  to  cool 
gradually,  the  above  changes  are  observed  in  the  reverse  order. 

The  rhombic  variety  of  sulphur  may  also  be  obtained  by  melt- 
ing sulphur  in  large  masses,  and,  by  slow  cooling  with  exclusion  of 
air,  allowing  it  to  remain  in  a  state  of  superfusion,  or  suspended 
solidification.  At  a  temperature  of  about  90°,  the  superfused  sul- 
phur deposits  rhombic  crystals.  If  the  melted  sulphur  be  allowed 
to  cool  more  rapidly,  the  second  or  monoclinic  variety  is  obtained. 
This  last  experiment  is  best  performed  by  fusing  about  a  kilogram 
of  sulphur  in  a  Hessian  crucible,  and  allowing  it  to  cool  till  a 
crust  has  been  formed  over  the  surface.  Two  holes  are  then  broken 
in  this  crust,  and  the  crucible  is  inclined  so  as  to  allow  the  sul- 
phur, v^hich  stiU  remains  liquid,  to  run  out.  The  interior  of  the 
crucible  (Fig.  41)  is  found  to  be  lined  with  long  thin  transparent 
prisms,  belonging  to  the  monoclinic  system.    These  fuse  at  120°. 


Fig.  41. 


The  system  in  which  sulphur  crystallises  is  determined  by  the 
conditions  of  temperature  under  which  the  crystallisation  occurs. 
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and  the  crystals  of  each  system  are  unstable  at  the  temperature  of 
formation  of  those  of  the  other  system.  Thus,  when  a  transparent 
crystal  of  rhombic  sulphur,  which  has  been  deposited  at  ordinary 
temperatures,  is  exposed  for  some  time  to  a  temperature  just  below 
its  fusing-point,  it  loses  its  transparency  and,  on  examination,  is 
found  to  have  been  converted  into  an  aggregation  of  minute  mono- 
clinic  crystals.  On  the  other  hand,  the  transparent  crystals  of 
monoclinic  sulphur,  which  are  formed  at  a  higher  temperature, 
become  opaque  after  remaining  for  some  time  at  the  ordinary  tem- 
perature, having  changed  into  aggregations  of  small  rhombic  crys- 
tals. This  latter  change  may  also  be  effected  by  scratching  the 
monoclinic  crystals :  in  this  case  the  transformation  takes  place 
rapidly,  and  is  foimd  to  be  accompanied  by  a  liberation  of  heat. 
The  rhombic  modification  is  that  into  which  all  other  forms  of 
sulphur  (except  the  S  variety)  spontaneously  change  at  ordinary 
temperatures. 

If  melted  sulphur  at  a  temperature  just  above  its  fusing-point 
be  poured  into  cold  water,  it  solidifies  to  a  yellow,  brittle  mass. 
But  if  the  temperature  of  the  melted  sulphur  be  raised  above  the 
point  of  maximum  viscosity,  and  the  dark-coloured  mobile  liquid 
thus  obtained  be  poured  in  a  thin  stream  into  water  so  as  to  effect 
its  cooling  as  rapidly  as  possible,  a  totally  different  phenomenon  is 
observed.  Under  these  conditions,  the  sulphur  forms  plastic, 
amber-coloured,  transparent  threads,  which  may  be  drawn  out  or 
kneaded  between  the  fingers.  This  is  the  variety  known  as  plastic 
sulphur.  After  standing  for  some  time  at  ordinary  temperatures 
it  becomes  brittle  and  opaque.  At  a  temperature  of  100°  it  is 
suddenly  converted  into  rhombic  sulphur,  the  cha.nge  being  accom- 
panied by  evolution  of  heat. 

If  the  brittle  sulphur  resulting  from  the  spontaneous  change  of 
the  plastic  variety  be  treated  with  carbonic  disulphide,  part  of  it  is 
dissolved,  whilst  part  remains  behind  as  a  brown  amorphous 
powder.  A  light  yellow  amorphous  powder,  insoluble  in  carbonic 
disulphide,  is  also  obtained  by  treating  flowers  of  sulphur  with  this 
solvent  as  long  as  anything  is  dissolved.  The  same  insoluble 
variety  separates  out  when  a  solution  of  sulphur  in  carbon  disul- 
phide is  exposed  to  sunlight  concentrated  by  means  of  a  lens.  At 
a  temperature  of  100°  these  amorphous  varieties  pass  into  the 
ordinary  rhombic  modification. 

All  the  varieties  of  sulphur  are  insoluble  in  water. 

The  so-called  milk  of  sulphur  is  nothing  more  than  sulphur 
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in  a  finely  divided  state,  obtained  by  decomposing  calcic  penta- 
sulphide,  or  any  other  polysulphide,  with  hydrochloric  acid  : — 

v-(S5)"Ca    +    2H01    =    CaCl^    +    SH^    +  4S. 

Calcic  HydrocUoric  Calcic  Sulphuretted 

pentasulphide.  acid.  chloride.  -hydrogen. 

It  is  soluble  in  carbonic  disulphide,  and  is  probably  the  rhombic 
variety. 

Reactions. — 1.  When  heated  in  air  or  oxygen  to  its  temperature 
of  ignition,  sulphur  burns  with  a  blue  flame,  forming  sulphurous 
anhydride : — 

S    +    0/=  SO,. 

Sulphurous 
anhydride. 

A  slow  phosphorescent  combustion  occurs  when  sulphur  is 
heated  to  about  180°  in  air.  No  iiame  is  visible  in  daylight ;  but 
in  the  dark  a  greyish-white  fiame,  quite  distinct  from  the  ordinary 
blue  flame  of  burning  sulphur,  appears  to  hover  over  the  heated 
surface.  The  product  of  combustion  is  in  this  case  also  sulphurous 
anhydride. 

In  presence  of  air  and  moisture,  finely  divided  sulphur  is 
spontaneously  oxidised  at  ordinary  temperatures  to  sulphurous  and 
sulphuric  acids. 

2.  Sulphur  also  unites  directly  with  chlorine,  bromine,  iodine, 
phosphorus,  hydrogen,  and  various  other  non-metals. 

3.  It  combines  directly  with  many  metals,  when  heated  with 
them,  forming  sulphides  : — 

K,    -f    S    =  SK^. 

Potassic  sulphide. 

Fe    -h    S    =  FeS. 

Ferrous  sulphide. 

When  united  exclusively  with  positive  elements  or  radicals, 
sulphur  is  almost  invariably  a  dyad;  it  is  then  analogous  to 
oxygen,  as  will  be  seen  from  the  following  formulae  :— 

Oxygen  compounds. .  . .  OK2,  OKH,  CO2,  COK02. 
Sulphur        „       ....     SK2,    SKH,    CS"2.  CSKs^. 

f/ses —Sulphur  is  employed  in  the  arts  in  the  manufacture  of 
gunpowder  and  for  tipping  common  lucifer  matches.  In  the  form 
of  sulphurous  anhydride  it  is  a  useful  bleaching  agent.    Its  most 
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important  application,  however,  is  in  the  manufacture  of  sulphuric 
acid. 

COMPOUNDS  OF  SULPHUR  WITH  HYDROGEN 

Sulphuretted  hydrogen    SHj 

Hydrosulphyl    'S'2H2  or  Hsj. 

Hyposulphurous  hydrosulphate  ....  SHsg. 

SULPHURETTED   HYDROGEN,  Hydrosulyhuric  Acid, 

Sulphydric  Acid. 

SHj.     H — S — H. 

Molecular  weight  =  34.  Molecular  volume  fTl-  1  Hif^  weighs  17 
criths.  Solid  at  —  85'5°.  Liquefied  under  a  pressure  of  17 
atmospheres  at  10°. 

History. — This  compound  was  first  investigated  by  Scheele. 

Occurrence. — Sulphuretted  hydrogen  is  evolved  along  with  other 
gases  from  volcanoes  and  fumaroles.  It  occurs  also  in  hepatic 
mineral  waters,  such  as  those  of  Harrogate,  and  in  waters  which 
contain  sulphates  along  with  organic  matters. 

Formation  and  Preparation. — 1.  Sulphuretted  hydrogen  is 
formed  in  small  quantity  by  the  direct  union  of  its  elements  when 
hydrogen,  together  with  the  vapour  of  sulphur,  is  passed  through 
a  red-hot  tube,  or  even  when  hydrogen  is  passed  into  boiling 
sulphur : — 

H2    +    S    =  SH2. 

Sulphuretted  hydrogen. 

2.  The  most  convenient  method  of  preparing  the  gas  for 
laboratory  purposes  consists  in  acting  on  ferrous  sulphide  with 
dilute  sulphuric  acid : — 

PeS"    +    SO2H02    =    SH2    +  S02reo". 

Ferrous  Sulphuric        Sulphuretted  Ferrous 

sulphide.  acid.  hydrogen.  aulphate. 

The  ferrous  sulphide,  broken  into  coarse  fragments,  is  introduced 
into  a  flask  similar  to  that  used  in  the  preparation  of  hydrogen,  and 
the  acid,  diluted  with  about  6  times  its  bulk  of  water,  is  poured  in 
through  a  funnel.    The  gas  is  washed  by  passing  it  through  water. 

Hydrochloric  acid  may  be  substituted  for  sulphuric  acid  in  the 
above  reaction : — 
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PeS"    +    2HC1    ^    SH2    +  PeCl^. 

Ferrous  Hydrochloric  Sulphuretted  Ferrous 
sulphide.  acid.  hydrogen.  chloride. 

The  use  of  sulphuric  acid  is,  however,  much  more  convenient  in 
practice. 

3.  Sulphuretted  hydrogen  prepared  from  ferrous  sulphide 
generally  contains  free  hydrogen,  generated  by  the  action  of  the 
acid  upon  metallic  iron,  which  is  often  present  in  the  sulphide  as 
an  impurity.  Pure  sulphuretted  hydrogen  may  be  obtained  by 
decomposing  precipitated  antimonious  sulphide,  or  native  anti- 
monious sulphide  {grey  antimony  ore),  with  hydrochloric  acid  aided 
by  a  gentle  heat : — 

SbaS'^g    +    6HC1    =    3SH2    +  2SbCl3. 

Antimonious      Hydrochloric     Sulphuretted  Antimonious 
sulphide.  acid.  hydrogen.  chloride. 

If  the  native  compound  be  employed,  it  ought  to  be  first  treated 
with  dilute  hydrochloric  acid,  in  order  to  remove  any  carbonates 
that  may  be  present. 

4.  Sulphuretted  hydrogen  is  formed  in  small  quantity  along 
with  sulphurous  anhydride  when  steam  is  passed  over  boiling 
sulphur,  or  even  when  sulphur  is  boiled  with  water : — 

as    +    2OH2    =    2SH2    +  SO2. 

Water.        Sulphuretted  Sulphurous 
hydrogen.  anhydride. 

The  sulphuretted  hydrogen  and  sulphurous  anhydride  mutually 
decompose  each  other  in  the  distillate  with  separation  of  sulphur, 
only  a  portion  of  the  former  gas  remaining  (see  p.  260). 

5.  Sulphuretted  hydrogen  is  formed  when  sulphur  is  heated 
along  with  paraffin,  aniline,  and  various  other  organic  bodies.  The 
reactions  which  take  place  in  these  cases  are  very  complicated  and 
cannot  be  followed  by  means  of  equations. 

6.  It  is  evolved  during  the  putrefaction  of  organic  bodies  con- 
taining sulphur,  and  also  when  these  bodies  are  subjected  to 
destructive  distillation.  It  thus  finds  its  way  into  illuminating  gas, 
from  which  it  has  to  be  removed  in  the  process  of  purification. 

Properties. — Sulphuretted  hydrogen  is  a  colourless  gas  possess- 
ing the  disgusting  odour  of  putrid  eggs.  The  very  offensive  odour 
of  the  gas  prepared  from  ferrous  sulphide  is,  however,  in  part  due 
to  the  presence  of  volatile  sulpho-carbon  compounds  derived  from 
the  iron.   It  is  slightly  heavier  than  air.    It  is  combustible,  burning 
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in  air  or  oxygen  with  a  bluish  flame,  and  forming  sulphurous 
anhydride  and  water  :  — 

SH2    +    30    =    SO2    +  OH2. 

Sulphuretted  Sulphurous  "Water, 

hydrogen.  anhydride. 

"When  the  supply  of  oxygen  is  insufficient  for  complete  combus- 
tion, water  only  is  formed,  and  sulphur  is  deposited. 

Water  absorbs  about  three  times  its  volume  of  sulphuretted 
hydrogen,  yielding  a  colourless  solution  possessing  the  taste  and 
odour  of  the  gas.  The  aqueous  solution  is  a  useful  laboratory 
reagent.  It  parts  with  the  whole  of  its  gas  on  boiling.  Exposed 
to  the  air,  the  gas  in  solution  is  quickly  oxidised  with  separation  of 
sulphur,  water  being  formed  at  the  same  time. 

Sulphuretted  hydrogen  has  a  powerfully  poisonous  action  when 
inhaled,  especially  in  the  case  of  small  animals.  The  intensity  of 
the  action  in  various  animals  appears  to  be  connected  with  the 
rapidity  of  circulation  of  the  blood,  An  atmosphere  containing 
T5"o~o  suffices  to  kill  a  bird,  whilst       is  necessary  to 

kill  a  dog,  and  2^  to  kill  a  horse.  Cold-blooded  animals  are 
totally  unaffected  by  this  proportion  of  sulphuretted  hydrogen. 

Reactions. — 1.  Sulphuretted  hydrogen  is  immediately  decom- 
posed by  chlorine  with  separation  of  sulphur : — 

SH2    +    CI2    =    2HC1    +  S. 

Sulphuretted  Hydrochloric 
hydrogen.  acid. 

A  similar  reaction  takes  place  with  bromine.  In  the  case  of 
iodine,  the  formation  of  hydriodic  acid  and  the  liberation  of  sul- 
phur take  place  only  in  presence  of  water.  The  reason  of  this  is 
that  the  reaction — 

SH2    +    I2    =    2HI    4-  S, 

Sulphuretted  Hydriodic 
hydi'ogen.  acid. 

is  attended  with  an  absorption  of  heat,  and  consequently,  according 
to  the  laws  of  thermochemistry  (p.  103),  cannot  take  place  without 
the  aid  of  some  extraneous  energy.  When  water  is  present,  the 
heat  evolved  by  the  absorption  of  the  hydriodic  acid  by  water 
furnishes  this  energy :  the  thermal  sign  of  the  equation  becomes 
positive  and  the  reaction  possible. 

2.  Sulphuretted  hydrogen  is  decomposed  by  many  compounds 
rich  in  oxygen,  such  as  ferric  hydrate : — 
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'F&^Uo,  +    3SH,    =    5PeS"    +    S    +  60H„. 

Ferric  Sulphuretted       Sulphurous  Water 

hydrate.  hydrogen.  sulphide. 


This  reaction  is  employed  on  a  large  scale  in  the  purification  of 
coal-gas  (see  p.  262). 

In  like  manner  it  reduces  concentrated  sulphuric  acid,  which 
cannot  therefore  be  employed  in  drying  the  gas  :  

SH,    +    SO^Ho^    =  +    S    +  2OH2. 

Sulphuretted        Sulphuric        Sulphurous  Water 
hydrogen.  acid.  anhydride. 

Fuming  nitric  acid,  when  dropped  into  a  jar  of  sulphuretted 
hydrogen,  oxidises  it  with  explosive  violence. 

3.  The  sulphydrates  and  sulphides  of  the  metals  are  produced 
by  the  action  of  sulphuretted  hydrogen  on  the  hydrates  and  oxides ; 
thus  : — 

OKH    +    SH2    =    SKH    +  OH2. 

Potassic        Sulphuretted       Potassic  Water, 
hydrate.  hydrogen.  sulphydrate. 

BaHoa    +    2SH2'  =    BaHs2    +  2OH2. 

Baric  Sulphuretted  Baric  Water, 

hydrate.  hydrogen.  sulphydrate. 

0Ag2    +    SH2    =    SAg2    +  OH^. 

Argentic        Sulphuretted      Argentic  Water, 
oxide.  hydrogen.  sulphide. 

CuO    +    SH2    =    CuS    +  OH2. 

Cupric       Sulphuretted       Cupric  Water, 
oxide.  hydrogen.  sulphide. 

Upon  this  property,  and  upon  the  varying  behaviour  of  the 
different  metallic  sulphides  towards  weak  acids,  is  based  the  use  of 
sulphuretted  hydrogen  as  a  reagent  in  analysis.  Some  of  these 
sulphides  are  insoluble  in  weak  acids :  sulphuretted  hydrogen 
therefore  precipitates  them  from  an  acid  solution  of  the  salts  of 
their  metals : — 

SO^Cuo"     +    SH2    =    CuS    +  SO2H02. 

Cupric  Sulphuretted        Cupric  Sulphuric 

sulphate.  hydrogen.       svdphide.  acid. 

Others  are  soluble  in  weak  acids,  but  insoluble  in  alkaline  solu- 
tions. The  precipitation  of  these  sulphides  is  most  conveniently 
effected  by  the  addition  of  an  alkaline  sulphide  (ammonic  sulphide 
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is  most  commonly  employed  for  this  purpose)  to  the  neutral  or 
alkaline  solution  of  the  salt,  when  double  decomposition  takes 
place,  thus : — 

ZnCl^    +    S(NH4)2    =,  ZnS    +  2NH4CI. 

Zincic  Amnionic  Zincic  Ammonic 

cLloride.  sulphide.  sulphide.  chloride. 

A  third'  class  of  metals  yields  sulphides  which  are  soluble  in  water, 
and  are  therefore  not  precipitated  either  in  acid  or  in  alkaline 
solutions.  It  is  thus  possible  to  divide  the  metals  into  three 
groups,  according  to  the  behaviour  of  their  sulphides,  and  this 
division  forms  one  of  the  foundations  of  inorganic  qualitative 
analysis. 

4.  Most  metals  when  heated  in  sulphuretted  hydrogen  combine 
■with  the  sulphur  to  form  sulphides,  wliilst  hydrogen  is  liber- 
ated : — 

Sn    +    SH2    =    Sn"S    +  H2. 

Sulphuretted  Stannous 
hydrogen.  sulphide. 

Silver  becomes  tarnished  when  exposed  at  ordinary  temperatures 
to  the  action  of  sulphuretted  hydrogen  in  presence  of  air,  owing  to 
the  formation  of  a  superficial  coating  of  argentic  sulphide  {q.v), 
but  the  action  is  very  slow  unless  moisture  be  present. 

Composition. — The  composition  of  sulphuretted  hydrogen  is 
best  ascertained  by  heating  in  it  some  metal  which  combines  with 
the  sulphur  liberating  the  hydrogen.  Tin  is  usually  employed  for 
this  purpose  (see  above).  (Potassium  or  sodium  cannot  be  used,  as 
in  these  cases  the  metal  displaces  only  one -half  of  the  hydrogen, 
combining  with  a  semi-molecule  of  hydrosulphyl  to  form  a  sulph- 
hydrate).  The  operation  is  performed  in  a  bent  tube  over  mercury 
as  described  in  the  analysis  of  hydrochloric  acid  (p.  157).  After 
the  action  is  complete  and  the  tube  has  been  allowed  to  cool,  it 
will  be  found  that  the  hydrogen  occupies  exactly  the  same  volume 
as  the  sulphuretted  hydrogen  employed.  Sulphuretted  hydrogen 
thus  contains  its  own  volume  of  hydrogen.    Therefore : — 

Weight  of  1  litre  of  sulphuretted  hydrogen. ...     17  criths. 
Deduct  weight  of  1  litre  of  hydrogen   1 

There  remain   16 

which  is  the  weight  of  half  a  litre  of  normal  sulphur  vapour. 
Calculating  to  whole  volumes,  2  volumes  of  hydrogen  combine 
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with  1  volume  of  sulphur  vapour  tp  form  2  volumes  of  sulphuretted 
hydrogen.  By  weight,  the  proportion  of  hydrogen  to  sulphur  is  as 
1  :  16  or  as  2  :  32,  and  the  formula  of  the  compound  is  therefore 
SH^. 


HYDROSULPHYL,  Eydric  PersulpMde. 

'S'aH^  or  Hs2. 
H— S— S— H. 

Probable  molecular  weight  =  66.     Sp.  gr.  1*769. 

Preparation. — When  a  solution  of  calcic  disulphide  is  poured 
into  an  excess  of  cold  concentrated  hydrochloric  acid,  hydrosulphyl 
separates  out  as  a  heavy  yellowish  oil : — 

'S'^Ca"    +    2HC1    =    'S'aH^    +  CaCl^. 

Calcic         Hydrochloric     Hydrosiilpliyl.  Calcic 
disulphide.  acid.  chloride. 

The  calcic  disulphide  is  prepared  by  boiling  milk  of  lime  with 
an  excess  of  sulphur  and  filtering.  The  solution  must  be  poured 
into  the  acid,  and  not  the  reverse,  as  hydrosulphyl  is  much  more 
stable  in  contact  with  acids  than  in  contact  with  alkalis.  The 
calcic  disulphide  prepared  as  above,  is  always  mixed  with  Mgher 
polysulphides,  but  these  also  yield  hydrosulphyl,  mixed  however 
with  sulphur. 

Properties. — Hydrosulphyl  is  a  heavy  yellowish  liquid  possess- 
ing a  fetid  odour.  It  closely  resembles  hydroxyl  in  its  properties, 
bleaching  organic  colouring  matters  and  reducing  argentic  oxide. 
It  is  very  unstable,  and  is  gradually  decomposed  into  sulphuretted 
hydrogen  and  free  sulphur.  Owing  to  this  fact  and  to  the  property 
which  hydrosulphyl  possesses  of  dissolving  sulphur,  it  has  been 
found  almost  impossible  to  obtain  it  in  a  state  of  purity,  and  its 
composition  is  more  a  matter  of  conjecture,  based  upon  its  analogy 
with  hydroxyl,  than  a  strict  analytical  result. 


HYPOSTJIiPHUBOTTS  HYDEOSXTLPHATE. 

fHs 
\  S". 
[Hs 


SHss,   or    \  S" , 


Froldble  molecular  weight  =  98. 

Preparation.— When  a  cold  saturated  solution  of  strychnine  in  alcohol  is  mixed 
with  an  alcoholic  solution  of  yellow  amnionic  siJphide,  a  compound  is  formed 
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crysfcallisiug  in  orange  needles  of  the  formula  C2iH22N202,II.,S3.  By  the  action  of 
concentrated  sulphuric  acid  \vpon  this  compound,  and  subsequent  dilution  with 
water,  hjposulphiu-ous  hydrosulphate  is  liberated  as  a  yellow  oily  body.  It  closely 
resembles  in  its  properties  hydrosulphyl,  and,  Uke  that  substance,  undergoes  spon- 
taneous decomposition  into  sulphuretted  hydrogen  and  sulphur. 


COMPOUNDS  OF  SULPHUR   WITH  THE  HALOGENS. 

Disulpliur  dichloride   'S'2Cl2. 

Hyposulphurous  chloride   SCI2. 

Sulphurous  chloride     SCl^. 

Disulphur  dibromide   'S'gBig. 

Disulphur  diniodide   'S'2l2- 

Sulphuric  iodide    SIg. 

DISULPHUR  DICHLORIDE. 

'S'2Cl2. 

Molendar  weight  =  135.  Molecular  volume  rQ.  1  litre  of 
disulphur  dichloride  vapour  weighs  67*5  criths.  Specific  gravitif 
of  liquid  168.    Boils  at  139°. 

Preparation.— A  current  of  thoroughly  dried  chlorine  is  passed 
oyer  the  smface  of  heated  sulphur  contained  in  a  retort.  The 
disulphur  dichloride  distils  over  as  fast  as  it  is  formed  and  collects 
in  the  cooled  receiver.  The  process  must  be  interrupted  before  all 
the  sulphur  is  converted  into  the  chloride,  and  the  product  must  be 
purified  by  rectification. 

+      CI2      =  'S'2Cl2. 

Disulphur  dichloride. 

PToperties.~Dmn\^h.ur  dichloride  is  an  amber-coloured,  fumum- 
hquid,  possessing  a  disagreeable,  pungent  odour.  Its  vapour  irri! 
tates  the  eyes.  It  dissolves  sulphur  freely,  a  property  which  is 
utUised  m  the  manufacture  of  yulcanised  india-rubber.  ' 

Reaction.~~ln  contact  with  water  it  is  gTadually  decomposed 
^th  formation  of  hydrochloric  acid  and  sulphurous  anhydride 
whilst  sulphur  is  deposited:—  ^  ' 

+    2OH2    =    4HC1    -h    SO2    +  3S. 

dbhlS;  Hydrochloric  Sulphurous 

acid.  anhydride. 

T 
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HYPOSTJLPHUBOXJS  CHLORIDE. 

SOU. 

This  coinpound  is  prepared  by  saturating  disulphur  dichloride  with  chlorine  at 
0°.  On  removing  the  esceas  of  chlorine  by  a  stream  of  dry  carbonic  anhydride,  the 
hyposulphui'ous  chloride  remains  behind  as  a  dark-red  liquid.  It  is  very  unstable, 
fpontaneously  decomposing  at  ordinary  temperatures  into  disulphur  dichloride  and 
chlorine.  On  attempting  to  distil  it,  this  decomposition  takes  place  rapidly.  With 
water  it  is  decomposed  like  disulphur  dichloride. 

STJLPHtTROTJS  CHLORIDE. 
SCI,. 

Sulphurous  chloride  is  obtained  as  a  yellowish-brown,  very  mobile  liquid  by 
saturating  disulphm-  dichloride  with  chlorine  at  a  temperature  of  from  —20°  to 
-  22".  It  is  even  less  stable  than  the  foregoing  compound,  and  can  exist  only  at 
tcmperatiires  below  —20°.  When  removed  from  the  freezing  mixture  it  rapidly 
evolves  chlorine,  and  is  converted  into  hyposulphurous  chloride.  Water  decomposes 
it  vnth.  violence,  forming  sulphurous  anhydride  and  hydrocliloric  acid : — 

SCI4     +     20H2     =     SO2     +  4HC1. 
Sulphurous       Water.       Sulphurous  Hydrochloric 
chloride.  [anhydride.  acid. 

DISUIiPHUR  DIBROmCIDE. 

'S'oBro. 

This  compound  is  formed  by  the  direct  union  of  its  elements.    It  forms  a  heavy 
red  liquid  which  distils  with  partial  decomposition  between  210 — 220°. 

DISULPHITB  DINIODIDE, 

Disulphur  diniodide  is  obtained  as  a  dark  grey  crystalline  mass  by  heating 
sulphur  and  iodine  together  under  water. 

SULPHURIC  IODIDE. 
SI,. 

This  substance  is  obtained  in  ci7stals  when  a  solution  of  iodine  and  sulphm-  in 
carbonic  disulphide  is  allowed  to  evapoi-ate.  It  is  interesting  as  a  compound  of 
hexadic  sulphur  in  .which  all  the  six  bonds  are  satisfied  by  monads. 

COMPOUND  OF  SULPHUR  WITH  CARBON. 
CARBONIC    DISULPHIDE,  Bisulphide  of  Carbon. 

CS2« 

Molecular  iveight  =  76.  Molecular  volume  Qjl-  1  litre  of  carhoniM 
dimlphide  vapour  weighs  38  criths.  Sp.  gr.  of  liqidd  1-293. 
Fuses  at  —100°.    Boils  at  46-6° 

History. — Carbonic  disulphide  was  discovered  by  Lampadius  m 
1796. 
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Preparation— 1.  This  compound  is  formed  by  the  direct  com- 
bination of  its  elements  at  a  high  temperature.  A  tubulated 
earthenware  retort,  filled  with  pieces  of  charcoal  and  furnished 
with  a  vertical  porcelain  tube  luted  to  the  tubulure  and  passing  to 
the  bottom  of  the  retort,  is  heated  to  redness.  Fragments  of  sul- 
phur are  introduced  one  at  a  time  through  the  porcelain  tube,  the 
latter  being  closed  at  the  top  after  each  addition.  The  sulphur 
volatilises  and  its  vajDour  combines  with  the  carbon  forming  car- 
bonic disulphide,  which  distils  over  and  is  condensed  as  a  liquid 
and  collected  under  water : — 

0    +    82    =  CSg. 

Carbonic 
disulphide. 

Sulphuretted  hydrogen  is  formed  at  the  same  time  owing  to  the 
combination  of  the  sulphur  with  the  hydrogen  which  is  invariably 
present  in  charcoal.  The  crude  product  is  redistilled  in  order 
to  free  it  from  dissolved  sulphur.  Thus  prepared  it  possesses  a 
peculiar,  fetid  odour,  due  to  the  presence  of  other  volatile  sulphur 
compounds.  These  may  be  removed  by  shaking  the  liquid  with 
mercury  or  corrosive  sublimate,  subjecting  it  afterwards  to  a 
further  distillation. 

2.  It  is  also  formed  when  charcoal  is  heated  with  iron-  or 
copper-pyrites.  This  was  the  method  employed  by  Lampadius. 
The  reaction  is  due  to  the  sulphur  which  is  given  off  by  the  pyrites 
on  heating,  and  is  essentially  the  same  as  the  foregoing : — 

C    +    2PeS2    =    CS"2    +  2PeS". 

Iron-pp'ites        Carbonic  FeiTous 
(Ferric  disulphide).  disidphide.  sulphide. 

It  is  to  the  occurrence  of  iron-pyrites  in  coal  that  the  presence 
of  carbonic  disulphide  vapour  in  coal-gas  is  due.  This  impurity, 
on  account  of  the  difficulties  attending  its  removal,  has  long 
been  a  source  of  annoyance  both  to  the  gas  manufacturer  and  the 
consumer. 

Proper^m.— Carbonic  disulphide  is  a  colourless,  powerfully 
refracting,  mobile  liquid.  When  pure,  it  possesses  a  sweetish, 
ethereal  odour.  It  solidifies  at  -116°  and  fuses  at  -110°  It 
dissolves  sulphur,  phosphorus,  iodine,  caoutchouc,  oils,  and  fats. 
Sulphur  and  phosphorus  may  be  obtained  in  crystals  by  the 
spontaneous  evaporation  of  theii-  solutions  in  carbonic  disulphide. 
It  IS  .extensively  employed  in  manufacturing  processes  as  a  solvent. 

T  2 
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Carbonic  disulphide  is  exceedingly  inflammable.  Its  vapour 
inflames  in  the  air  at  149°,  and  may  be  ignited  by  bringing  a  test 
tube  of  paraffin  heated  to  this  temperature  in  contact  with  it.  It 
burns  with  a  blue  flame,  yielding  carbonic  anhydride  and  sulphur- 
ous anhydride : — 

CS"2    +  =    CO2    +  2SO2. 

Carbonic  Carbonic  Sulphurous 

disulpbide.  anbydride.  anbydride. 

A  mixture  of  the  vapour  with  air  or  oxygen  explodes  with  great 
violence  on  the  approach  of  a  flame.  Mixed  with  nitric  oxide  and 
inflamed,  the  vapour  burns,  emitting  a  brilliant  blue  light,  very 
rich  in  rays  of  high  refrangibility. 

Carbonic  disulphide  is  highly  poisonous.  Its  vapour,  inhaled 
in  large  quantities,  proves  speedily  fatal,  and  even  in  minute 
quantity  is  very  dangerous  when  habitually  inhaled  (as,  for 
instance,  in  factories  in  which  it  is  employed),  owing  to  a  specific 
action  on  the  nervous  system. 

Beadions.—l.  Heated  potassium  burns  in  the  vapour  of  car- 
bonic disulphide  with  formation  of  potassic  sulphide  and  liberation 
of  carbon  : — 

+    2K2    =    2SK2    +  C. 

Carbonic  Potassic 
disulpbide.  sulpliide. 

2.  When  brought  into  contact  with  a  solution  of  an  alkaline 
hydrate,  carbonic  disulphide  is  decomposed,  a  carbonate  and  a 
sulphocarbonate  being  formed  :— 

60KH    +    2>C^\    =    2CS''Ks2    +    COKo^    +  SOH^. 

Potassic  Carbonic  Potassic  Potassic  Water, 

hydrate.  disulphide.        sulphocarbonate.  carbonate. 

3.  In  contact  with  solutions  of  alkaline  sulphides,  carbonic 
disulphide  also  forms  alkaline  sulphocarbonates  :— 

SK2    +    CS"2    =  CS-Ks^. 

Potassic  Carbonic  Potassic 

sulphide.        disulphide.  sulphocarbonate. 

4.  When  the  vapour  of  carbonic  disulphide  is  passed  over 
heated  calcic  hydrate  it  is  decomposed,  carbonic  anhydride  and 
sulphuretted  hydrogen  being  evolved  :— 

CS2    +    CaHo2   =   2CaO    +    CO^   +  2SH2. 


CAKBONIC  OXYSULPHIDE. 


277 


This  reaction  has  been  successfully  employed  in  removing  carbonic 
disulphide  from  illuminating  gas. 

Carbonic  disulphide  is,  as  has  already  been  pointed  out,  the 
sulphur  compound  corresponding  to  carbonic  anhydride.  A  car- 
bonic monosrdphide,  corresponding  to  carbonic  oxide,  has  not  been 
prepared. 

SUIiPHOCARBONIC  ACID. 
CS"Hs2. 

Preparation. — This  compound  is  obtained  as  a  reddish-brown  oUy  liquid  by  the 
action  of  hydrochloric  acid  on  amnionic  sulphocarbonate : — 

CS"(NH:4S)2      +     2HC1     =      CS"Hs2      +  2NH4CI. 
Ammonic  HydrocUoric       Sulpho-  Ammonic 

sulphocarbonate.  acid.  carbonic  acid.  chloride. 

COMPOUND  OF  SULPHUR    WITH  CARBON  AND 

OXYGEN. 

CARBONIC  OXYSULPHIDE. 

COS''. 

Molecular  weight  =60.    Molecular  volume  I  I  I-    1  litre  of  carhonic 
ox7/sidphide  weighs  30  criths.  Gaseous. 

History. — This  gas,  which  in  composition  lies  intermediate 
between  carbonic  anliydride  and  carbonic  disulphide,  was  dis- 
covered by  G.  von  Than. 

Occurrence. — It  appears  to  exist  in  solution  in  the  waters  of 
certain  mineral  springs. 

Preparation. — 1.  Carbonic  oxysulphide  is  formed  when  a  mix- 
tm-e  of  carbonic  oxide  and  sulphur  vapour  is  passed  through  a 
heated  tube : — 

CO    +    S    =  COS". 

Carbonic  Carbonic 
oxide.  oxysulphide. 

2.  It  is  most  readily  obtained  by  the  action  of  moderately 
strong  sulphuric  acid  upon  potassic  sulphocyanide  :— 

CNKs    +    2SO2H02    +    OH2    =  COS" 

Potassic  Sulphuric  Water.  Carbonic 

sulphocyanide.  acid.  oxysulphide. 

+    SO2H0K0    +  SOaHoCNvH^O). 

Hydric  potassic  Hydi'ic  ammonic 

sulphate.  sulphate. 
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By  regulating  the  temperature  a  steady  evolution  of  the  gas  is 
obtained. 

Properties. — Carbonic  oxysulphide  is  a  colourless  gas  with  a 
peculiar  odour.  It  is  readily  inflammable,  and  forms  with  oxygen 
a  mixture  which  explodes  on  the  approach  of  a  fiame.  It  is 
soluble  in  its  own  volume  of  water,  to  which  it  imparts  its 
characteristic  odour. 

Reactions. — 1.  A  platinum  wire  heated  to  whiteness  by  means 
of  the  voltaic  current  decomposes  the  gas  into  sulphur  and  carbonic 
oxide,  the  latter  occupying  the  same  volume  as  the  carbonic 
oxysulphide  employed. 

2.  With  caustic  alkalies  it  yields  a  mixture  of  carbonate  and 
sulphide : — 

COS"    +    4KHo    =    COK02    +    SK2    +  2OH2. 

Carbonic  Potassic  Potassic  Potassic  Water, 

oxysulphide.         hydrate.  carbonate.  sulphide. 


COMPOUNDS  OF  SULPHUR   WITH  OXYGEN  AND 

HYDROXYL. 

In  these  compounds  the  sulphur  is  either  a  dyad,  a  tetrad,  or 
a  hexad. 

Sulphurous        -\  gQ  0=S=0. 
anhydride   . .  J  ^ 

O 

II 

Sulphurous  acid    SOH02.  H— 0— S— 0— H. 

,  0 
Sulphuric  anhy-  1  gQ  || 

dride   J      ^'  0=S=0 


Sulphuric  acid"! 

{Hydric  sul-  >S02Ho2. 
phate)  J 


Pyrosulphuric      f  SO2H0 
acid  (Dihydric-l  0 
disulphate)  . .  [_S02Ho 


0 

II 

H— 0— S— 0— H. 

II 

0 

0  0 

II  II 

H_0— S— 0— S— 0— H. 

II  II 
0  0 
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0  0 

Persulphuric       I  q  -       I  o=S— 0— S=0. 

anhydride   .  •  |  gQ^_o  j  ||  || 

0  0 
0 

Thiosulpliuric     "I  II 

acid  {Hypoml-  ^SO^HoHs.  H— 0— S— S— H. 

phuroiis  acid)  J  II 

0  • 

Ditliionous  acid  rgQjjQ 

HydromlpMir- -l  qqjjq-  — ^ — ^ — ^ — ^ — ^• 

ous  acid)  .  .  . .  ^  II  II 

0  0 

0  0 


Dithionic  acid. .  |  ^S^JJ^.  H— 0— S— S— 0-H. 


tSO^Ho- 


0  0 
0  0 


Trithionic    acid  fSOoHo  ||  || 

{Sulplio  -  di-{  S"       .  H— 0— S— S— S— 0— H. 


thionic  acid). .  [_S02Ho 


0  0 
0  0 


Tetratliionic  acid  Tq/P^'^^  ii  m 

{Disidpho  -  di-^  g„  .  H— 0— S— S— S— S— 0— H. 
thionic  acid). .  j^gQ  jj^ 


Pentathionic  aci  d 
{Trisidpho-di-  < 
•  thionic  acid). . 


0  0 
SOoHo  0  0 

II  II  • 

S"  .  H— 0— S— S— S— S— S— 0— H. 
S"  II  II 

SO2H0  0  o 


SULPHUROUS  ANHYDRIDE. 

so^. 

Molecular-  weight  =  64.  Molectdar  volume  CO*  1  ^^^''^  weighs  32 
cfriths.  Solid  at  —76°.  Liquid  under  a  pressure  of  two  atmo- 
spheres at  7°. 

Occurrence. — •This  compound,  which  is  gaseous  at  ordinary- 
temperatures,  occurs  in  nature  as  a  volcanic  product,  either  in  the 
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gases  issuing  Irom  volcanoes,  or  dissolved  in  volcanic  springs.  It 
is  also  found  in  small  quantities  in  the  air  of  towns,  being  derived 
in  this  case  from  the  combustion  of  the  pyrites  contained  in  coal. 
It  is  evolved  in  the  operation  of  roasting  sulphureous  ores. 

Preparation. — 1.  When  sulphur  is  burnt  in  air  or  oxygen, 
direct  combination  takes  place  according  to  the  following  equa- 
tion : — 

S    +    0,    =  SO2. 

Sulphurous 
anhydride. 

This  is  the  process  employed  when  sulphurous  anhydride  is 
required  on  a  large  scale,  as  in  the  manufacture  of  sulphuric  acid. 
In  this  case  the  combustion  of  pyrites  is  frequently  substituted 
for  that  of  sulphur. 

2.  It  may  also  be  prepared  by  heating  a  mixture  of  about  three 
parts  by  weight  of  sulphur  with  four  of  manganic  peroxide 

S2    +    Mn02    =    SO2    +  MnS". 

Manganic        Sulphurous  Manganous 
peroxide.         anhydride.  sulphide. 

3.  The  foregoing  processes  consist  in  oxidising  sulphur.  But 
it  is  also  possible  to  start  from  a  higher  oxide  of  sulphur  and, 
by  depriving  it  of  a  portion  of  its  oxygen,  to  descend  to  sulphur- 
ous anhydride.  Thus,  if  concentrated  sulphuric  acid  be  heated 
with  copper  or  mercury,  an  oxide  of  the  metal  is  formed,  which 
combines  with  the  excess  of  acid  to  form  a  sulphate,  and  the 
sulphuric  acid  is  reduced  to  sulphurous  acid.  This  latter,  being  a 
very  unstable  compound,  is  decomposed  into  sulphurous  anhydride 
and  water.    Thus  : — 


2SO2H02    +  Cu 

Sulphuric 
acid. 

2SO2H02    +  Hg 

Sulphui'ic 
acid. 


=  + 
Sulphurous 
anhydride. 

=      SO2  + 

Sulphui'ous 
anhydride. 


SO2CU0"  +  2OH2. 

Cupric  Water, 
sidphate. 

SO^Hgo"  +  2OH2. 

Mercuric  Water, 
sulphate. 


It  is  necessary  for  _this  purpose  to  employ  metals  which  do  not 
evolve  hydrogen  with  sulphuric  acid,  otherwise  the  sulphurous 
anhydride  would  be  contaminated  with  this  gas.  The  method 
with  copper  is  that  generally  resorted  to  for  laboratory  purposes. 
The  copper  in  the  form  of  turnings  or  clippings  is  introduced  into 
a  capacious  flask  fitted  with  safety  and  delivery  tubes.    The  acid 
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is  poured  on  the  copper,  and  heat  is  applied  to  start  the  reaction. 
The  heat  must  then  be  moderated,  otherwise  the  mixture  is  apt  to 
*  froth  over. 

4.  Charcoal  may  be  substituted  for  copper  in  the  foregoing 
reaction,  but  in  this  case  the  sulphurous  anhydride  will  be  mixed 
with  half  its  volume  of  carbonic  anliydride. 

2SO2H02    +    C    =    2SO2    +    CO2    +  20H2. 

Sulphuric  Sulphurous        Carbonic  Water, 

acid.  anhydride.  anhydride. 

For  the  purposes  for  which  sulphurous  anhydride  is  usually 
required  in  the  laboratory — e.g.,  in  the  preparation  of  the  alkaline 
sulphites  or  of  an  aqueous  solution  of  the  gas — the  presence  of 
carbonic  anhydride  is  not  objectionable.  Sulphurous  anhydride 
in  excess  expels  carbonic  anhydride  from  the  alkaline  carbonates, 
and  the  latter  gas  is  nearly  insoluble  in  water  saturated  witli 
sulphurous  anhydride. 

5.  If  sulphur  be  heated  with  concentrated  sulphuric  acid,  the 
two  processes  of  oxidation  of  the  sulphur  and  reduction  of  the 
sulphuric  acid  occur  simultaneously,  and  sulphurous  anhydride  is 
obtained  from  both  sources : — 

2SO2H02    +    S    =    3SO2    +  20H2. 

Sulphm-ic  Sulphurous  Water, 

acid.  anhydride. 

Properties. — Sulphurous  anhydride  is  a  colourless  gas  possess- 
ing the  suffocating  odour  of  burning  sulphur.  Its  specific  gravity  is 
2-211  (air  =  1). .  It  reddens  a  solution  of  litmus  and  afterwards 
bleaches  it. 

Sulphurous  anhydride  may  be  liquefied  at  ordinary  pressures 
by  the  aid  of  cold.  The  apparatus  employed  for  this  pm-pose  con- 
sists of  a  glass  worm  surrounded  by  a  mixture  of  ice  and  salt. 
The  lower  opening  of  the  worm  passes  through  the  neck  of  a 
small  strong  flask,  which  is  also  surrounded  by  a  freezing-mixture. 
The  neck  of  the  flask,  which  has  been  previously  contracted  at  one 
point,  must  be  sealed  with  the  blowpipe  when  a  sufficient  quantity 
of  the  liquid  has  been  collected. 

Another  method  of  obtaining  liquid  sulphurous  anhydride  con- 
sists in  sealing  into  a  thick  glass  tube  a  mixture  of  one  part  of 
sidphur  with  five  parts  of  sulphuric  anhydride.  The  followino' 
reaction  occurs : — 
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S    +    2SO3,  =  3S0,. 

Sulphuric  Sulphurous 
anhydride.  anhydride. 

The  change  takes  place  spontaneously.  The  contents  of  the  tube 
assume  a  blue  colour  which  in  the  course  of  a  few  days  disappears, 
the  two  solid  substances  having  been  transformed  into  a  colourless 
liquid. 

Liquid  sulphurous  anhydride  may  be  employed  to  produce 
intense  cold  by  its  evaporation.  When  evaporated  rapidly  in 
vacuo,  the  temperature  of  the  sulphurous  anhydride  sinks  to  —76°, 
at  which  point  the  liquid  solidifies  to  a  white  mass. 

Reactions. — 1.  Water  readily  absorbs  sulphurous  anhydride, 
forming  a  solution  of  sulphurous  acid.  On  cooling  to  0°  cubical 
crystals  of  the  formula  SOHo2,140H2  are  deposited  :— 

SO2    +    OH2    =  SOH02. 

Sulphurous        Water.  Sulphurous 
anhydride.  acid. 

Water  at  0°  dissolves  80  times  its  volume  of  sulphurous  anhydride, 
and  39  times  its  volume  at  20°.  The  solubility  decreases  rapidly 
as  the  temperature  rises,  and  by  boiling  the  liquid,  the  whole  of 
the  gas  is  expelled. 

2.  Sulphurous  anhydride  when  passed  into  solutions  of  the 
metallic  hydrates  produces  sulpliites.  If  the  sulphurous  anhydride 
be  in  excess,  an  acid  sulphite  is  obtained  : — 

OKH    +    SO2    =  SOHoKo. 

Potassic        Sulphuroixs       Hydric  potassie 
hydrate.        anhydride.  sulphite. 

If  the  metallic  hydrate  be  in  excess  the  normal  sulphite  is 
formed,  thus  : — 

20KH    +    SO2    =    SOK02    +  OH2. 

Potassic         Sulphurous     Normal  potassic  Water, 
hydrate.         anhydride.  sulphite. 

Sulphurous  acid,  when  acted  upon  by  metallic  hydrates,  pro- 
duces the  same  salts  .• — 

OKH    +    SOH02    =    SOHoKo    +  OH2; 
20KH    +    SOH02    =    SOK02      +  2OH2. 

The  sulphites,  with  the  exception  of  those  of  the  alkalies,  are 
difficult  of  solution  in  water. 
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3.  Sulphiu-ous  anhydride,  when  passed  over  metallic  peroxides, 
unites  directly  with  them  to  form  sulphates. 

PbO^    +    SO^    =  SO^Pbo". 

Plumbic  Sulphurous  Plumbic 
peroxide.        anhydride.  sulphate. 

The  plumbic  peroxide  glows  spontaneously  when  introduced  into 
the  gas. 

•  4.  In  presence  of  substances  wliich  readily  unite  with  hydrogen, 
sulphurous  anhydride  decomposes  water,  forming  sulphuric  acid 
and  liberating  hydrogen.  It  thus  acts  as  a  powerful  reducing 
agent : 

+  2OH2  =  SO2HO2  +  Hg. 

Sulphurous        Water.  Sulphuric 
anhydride.  acid. 

It  is  upon  this  property  that  its  bleaching  powers  depend. 
Vegetable  colours  exposed  to  the  action  of  a  solution  of  sulphurous 
'  acid  are  transformed  into  colourless  compounds.  The  colouring 
matters  are  not  destroyed,  as  is  the  case  in  bleaching  with  chlorine, 
and  may  be  restored  to  their  original  condition  by  exposure  to  the 
air.  It  is  therefore  necessary  to  wash  the  bleached  fabric 
thoroughly  with  pure  water  in  order  to  prevent  the  colour  from 
returning.  It  is  probable  that  in  many  cases  the  sulphurous  acid 
enters  directly  into  combination  with  the  colouring  matter  to  form 
a  colourless  compound,  as  the  colour  may  frequently  be  restored  by 
treatment  with  weak  alkaHne  or  acid  solutions.  Sulphurous  acid  is 
employed  in  bleaching  wool  and  silk,  on  which  chlorine  would  act 
injuriously.  The  yellow  colour  which  new  flannel  assumes  when 
first  washed  with  soap  is  an  instance  of  the  action  of  alkalies  in 
restoring  a  colour  which  has  been  discharged  by  sulphurous  acid. 

5.  Sulphurous  anhydride,  in  presence  of  water,  converts  iodine 
into  hydriodic  acid : — 

I2    +    SO2    +    2OH2    =    2HI    +  SO2H02. 

Sidphurous         Water.  Hydriodic  Sulphuric 

anhydride.  acid.  acid. 

On  the  other  hand,  sulphuric  acid  and  hydriodic  acid  mutually 
decompose  each  other  according  to  the  equation  : — 

2HI    +    SO2H02    =    I2    +    SO2    +  2OH2. 

Hydriodic        Sulphuric  Sulphurous  Water, 

acid.  acid.  anhydride. 
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This  reaction  is  the  reverse  of  that  first  mentioned.  The  relative 
affinities  of  the  substances  here  entering  into  chemical  action  vary 
with  the  concentration,  and  the  predominance  of  the  one  or  the  other 
of  these  two  reactions  depends  upon  the  proportion  of  sulphurous 
anhydride  present  in  solution.  Bunsen  has  shown  that  when  the 
solution  does  not  contain  more  than  0-05  per  cent,  of  sulphurous 
anhydride,  the  influence  of  the  second  of  the  above  reactions  dis- 
appears, and  the  reduction  of  iodine  to  hydriodic  acid  is  complete. 
Beyond  this  degree  of  concentration  the  second  reaction  comes  into 
play,  and  the  reduction  is  only  partial.  Bunsen  has  founded  upon 
these  observations  a  method  for  the  quantitative  determination  of 
iodine  and,  indirectly,  of  a  vast  number  of  oxidisable  or  reducible 
substances  (Bunsen,  Ann.  Ohem.  Pharm.,  86,  265,  or  Watts, 
Dictionary  of  Chem.,  First  Ed.,  1,  265). 

6.  At  a  temperature  of  1200°,  sulphurous  anhydride  is  decom- 
posed into  sulphur  and  oxygen,  part  of  the  oxygen  combining  with 
the  undecomposed  sulphurous  anhydride  to  form  sulphuric  anhy- 
dride. Tyndall  has  shown  that  sulphurous  anhydride  undergoes  a  • 
similar  decomposition  when  a  beam  of  sunlight  is  passed  througli 
a  long  tube  filled  with  this  gas.  A  white  mist,  consisting  of 
finely  divided  sulphur  and  sulphuric  anhydride,  appears  in  the 
tube : — 

3SO2     =    2SO3    -f  S. 

Sulphurous  Sulphuric 
anhydride.  anhydride. 

Detection. — Sulphites  are  recognised  by  the  suffocating  odour  of 
sulphurous  anhydiide  which  they  evolve  on  the  addition  of  a 
strong  acid  such  as  sulphuric  acid : — 

SOK02    +    SO2H02    =    SO2K02    +    SO2    +  OH2. 

Potassic  Sulphuric  Potassic  Sulphurous  Water, 

sulphite.  acid.  sidphate.  anhydride. 

When  solutions  of  sulphites  are  mixed  with  a  solution  of 
argentic  nitrate,  a  white  precipitate  of  argentic  sulphite  is  formed : — 

SOK02    -I-    2N02Ago    =    S0Ag02    +  2NO2K0. 

Potassic  Argentic  Argentic  Potassic 

sulphite.  nitrate.  sulphite.  nitrate. 

When  this  argentic  sulphite  is  boiled  with  water,  it  becomes 
black,  owing  to  the  separation  of  metallic  silver : — 

S0Ag02    +    OH2    =    SO2H02    +  Ag2. 

Argentic  Water.  Sulphuric 

siilphite.  acid. 
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When  a  strip  of  paper  moistened  with  potassic  iodate  and  starch 
is  exposed  to  the  action  of  sulphurous  anhydride  it  assumes  a 
nia<ynificent  blue  colour,  owing  to  the  reduction  of  the  iodic  acid 
to  iodine  and  the  formation  of  iodide  of  starch.  This  is  a  very 
delicate  test  for  traces  of  sulphurous  anhydride. 

Composition. — The  composition  of  sulphurous  anhydride  may 
be  readily  determined  by  synthesis.  A  piece  of  sulphur  is  in- 
troduced into  a  flask  of  oxygen  inverted  over  mercury,  and  the 
height  of  the  mercury  in  the  neck  of  the  flask  is  carefully  noted. 
The  sulphur  is  then  inflamed  by  means  of  a  platinum  wire  rendered 
incandescent  by  the  electric  current.  The  sulj)hur  burns  in  the 
oxygen,  forming  sulphurous  anhydride.  When  the  combustion  is 
complete,  the  apparatus  is  allowed  to  cool,  and  the  height  of  the 
mercury  is  again  noted.  It  will  be  found  that  the  volume  of  gas 
is  the  same  as  before.  Sulphurous  anhydride  therefore  contains  its 
own  volume  of  oxygen.  Supposing  2  litres  of  oxygen  to  have 
been  taken,  and  2  litres  of  sulphurous  anhydride  to  have  been 
formed : — 

Weight  of  2  litres  of  sulphurous  anliydride. .     64  criths. 
Deduct  weight  of  2  litres  of  oxygen   32  „ 

There  remain   32  „ 

which  is  the  weight  of  1  litre  of  normal  sulphur  vapour.  There- 
fore 1  volume  of  sulphur  vapour  has  combined  with  2  volumes  of 
oxygen  to  form  2  volumes  of  sulphurous  anhydride.  By  weight  : 
sulphurous  anhydride  contains  32  parts  of  sulphur  combined  with 
32  (or  2  X  16)  parts  of  oxygen,  and  its  formula  is  therefore  SOg. 

SULPHURIC  ANHYDRIDE. 

SO3. 

Molecular  iveigU  =  80.  Molecular  vohtme  □□•  1  litre  of  sul- 
phuric anhydride  vapour  weighs  40  criths.  Fuses  at  16°.  Boils 
at  46°. 

Preparation. — 1.  When  a  mixture  of  two  volumes  of  sulphurous 
anhydride  with  one  of  oxygen  is  passed  over  heated  spongy  plati- 
num, sulphuric  anhydride  is  formed : — 

SO2    +    0    =  SO3. 

Sulphurous  Sulphuric 
anhydride.  anhydride. 
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The  sulphuric  anhydride  condenses  in  a  cooled  receiver  in  the 
form  of  fine  white  needles.  The  platinum  appears  to  undergo  no 
change  in  the  process,  and  may  be  used  for  any  length  of  time. 

The  above  reaction  has  been  elaborated  into  an  ingenious 
manufacturing  process.  The  mixture  of  gases  is  obtained  from 
concentrated  sulphuric  acid,  which  is  allowed  to  fall  drop  by  drop 
on  to  fragments  of  red-hot  brick,  when  the  following  decomposition 
takes  place : — 

SO2H02    =    SO2    +    0    +  OH2. 

Sulphuric        Sulphurous  Water, 
acid.  anhydride. 

The  mixed  gases  are  freed  from  water  by  passing  through  concen- 
trated sulphuric  acid,  and  are  then  led  over  heated  spongy  plati- 
num  as  already  described. 

2.  When  Nordhausen  sulphuric  acid  (q.v.)  is  gently  heated  in 
a  retort,  sulphuric  anhydride  distils  over,  whilst  ordinary  sulphuric 
acid  is  left : — 

SO2H0 

0  =    SO2H02    +  SO3. 

SO.2H0 

Nordhausen  Sulphuric  Sulphuric 

sulphuric  acid.  acid.  anhydride. 

3.  A  similar  reaction  takes  place  when  the  so-called  anJiydrous 
Rodic  bisulphate  (disodic  disulphate,  sodic  pyrosulphate),  a  salt  of 
N'ordhausen  sulphuric  acid,  is  heated.  This  sodic  pyrosulphate  is 
prepared  by  heating  hydric  sodic  sulphate  to  low  redness,  two 
molecules  of  the  latter  salt  parting  with  one  of  water : — 


2S02HoN"ao  = 


■S02Nao 

0  +  OH2. 

S02Nao 

Hydric  sodic  Sodic  Water, 

sulphate.  pyrosulphate. 

When  the  pyrosulphate  is  heated  to  bright  redness  it  is  decom- 
]5osed  as  follows  : —  ■ 

rS02Nao 

Jo        =  so^mo^  +  SO3. 

Ls02Nao 

Sodic  Sodic  Siilphuric 

pyrosulphate.  sulphate.  anhydride. 

4.  Sulphuric  anhydride  may  also  be  prepared  by  directly 
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abstracting  the  elements  of  water  from  sulphuric  acid  by  heating 
it  with  phosphoric  anhydride  : — 

SO2H02    +    P2O5    =    SO3    +  2PO2H0. 

Sixlpliuric  Phosphoric       Sulphuric  Metaphosphoric 

acid.  anhydride.       anhydride.  acid. 

Properties. — Sulphuric  anhydride  is  capable  of  existing  in  two 
distinct  modifications.  When  the  melted  anhydride  is  rapidly 
cooled,  it  begins  to  solidify  at  16°  forming  long  transparent  colour- 
less prisms,  which  fuse  again  at  the  same  temperature.  This 
modification  is  sometimes  distinguished  as  the  a  anhydride.  If, 
however,  the  liquefied  substance  be  kept  for  some  time  at  a  tem- 
perature of  25°,  the  whole  gradually  solidifies  to  a  tangled  mass 
of  fine  white  needles.  These  needles  liquefy  gradually  at  a  tem- 
perature above  50°,  without  possessing  a  constant  fusing-point, 
and  when  once  liquefied  may  be  converted  into  the  a  anhydride 
by  cooling  to  16°.  This  second  variety  is  distinguished  as  the 
^  anhydride. 

Liquid  sulphuric  anhydride  possesses  between  the  temperatures 
of  25°  and  45°  a  mean  co-ef&cient  of  expansion  of  0'0027,  almost 
three-fourths  of  the  co-efficient  of  expansion  of  gases.  -  At  46°  it 
boils  and  is  converted  into  a  colourless  vapour.  Sulphuric  anhy- 
dride possesses  a  considerable  vapour  tension  at  ordinary  tempera- 
tures and  gives  off  dense  white  fumes  in  contact  with  air,  owing 
to  the  combination  of  its  vapour  with  the  moisture  of  the  air  to 
form  sulphuric  acid,  a  liquid  of  lower  vapour  tension  than  water. 

The  same  combination  takes  place  when  the  solid  anhydride  is 
thrown  into  water,  the  reaction  being  accompanied  with  a  hissing 
as  of  a  red-hot  iron. 

SULPHURIC  ACID. 

SO2H02. 

Molemdar  weight  =  98,    Sp.  gr.  V85.    Boils  at  330°,  undergoing 
dissociation  into  sulphuric  anhydride  and  water. 

History. — Sidphuric  acid  was  known  to  the  alchemists,  who 
prepared  it  by  distilling  ferrous  sulphate. 

Occurrence.— hi  combination  with  bases  sulphuric  acid  is  found 
m  numerous  minerals  (p.  259  ;  see  also  Sulphates).  In  the  free 
state  it  occurs  in  volcanic  waters,  being  formed  by  the  oxidation 
of  sulphurous  acid. 
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Preparation.— 1.  Sulphuric  acid  is  formed  by  the  direct  union 
of  sulphurous  anhydride  with  hydroxyl,  the  sulphur  passing  from 
the  tetradic  into  the  hexadic  condition  : — 

502  +    H02    =  SO2H02. 

Siilphurovis     Hydroxyl.  Sulphuric 
anhydride.  acid. 

2.  Dry  sulphurous  anhydride  cannot  take  up  oxygen  without 
l;he  aid  of  heated  spongy  platinum  or  some  other  substance  which 
can  act  as  a  carrier  of  oxygen,  but  in  its  aqueous  solution  as 
sulphurous  acid  it  readily  absorbs  oxygen  from  the  air,  and  is 
converted  into  sulphuric  acid : — 

SOH02    +    0    =  SO2H02. 

Sulphurous  acid.  Sulphuric  acid. 

3.  It  is  formed  by  the  addition  of  water  to  sulphuric  anhy- 
dride : — 

503  +    OH2    =  SO2H02. 

'  Sulphuric        Water.  Sulphuric 
anhydride.  acid. 

4.  By  the  action  of  nitric  peroxide  and  oxygen  on  sulphurous 
anhydride  a  peculiar  white  crystalline  compound,  known  as  crystals 
of  the  leaden  chamber,  is  formed,  which,  according  to  Briining  and 
De  la  Provostaye,  possesses  the  empirical  formula  S^'N^Oq  : — 

2SO2    +    'N^O^    +    0    =  ^0 

Sulphurous  Nitric  White  crystalline 

anhydride.  peroxide.  compound.* 

If  a  small  quantity  of  water  is  present  the  compound  has  the 
following  composition  (Weltzien) : — 

2SO2    +    'N%04    +    0    +    OH2    =  2S02(I^'"02)Ho. 

Sulphurous  Nitric  Water.  Weltzien's  crystalline 

anhydride.  peroxide.  compound. 

It  will  be  perceived  that  the  first  of  these  substances  is  an 
anhydride  of  the  second.    Both  are  compound  anhydrides  of  sul- 

o  o 

II  II 
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pluu'ic  and  nitrous  acids,  and  are  decomposed  by  a  small  quantity 
•of  water  into  sulphuric  acid  and  nitrous  anhydride  :— 

0  +    20H2    =    2SO2H02    +  N2O3. 

WWte  crjstalUne  Water.  Sulijliuric  Nitrous 

compound.  acid.  ^anlijdride. 

In  the  manufacture  of  sulphuric  acid  on  the  large  scale  the 
reaction  takes  place  in  presence  of  an  excess  of  water,  by  which 
the  nitrous  anhydride  is  transformed  into  nitric  acid  and  nitric 
oxide : — 

m^O,    +    OH2    =    2NO2H0    +  4:'N"0. 

Nitrous  Water.  Nitric  acid.  Nitric  oxide, 

anhydride. 

The  nitric  oxide  combines  'with  oxygen,  Teproducing  nitric 
peroxide,  which  is  then  ready  to  take  part  in  the  same  processes 
a  second  time.  The  nitric  acid  is  reduced  to  nitric  peroxide  by  the 
action  of  sulphurous  anhydride  : — 

SO,    +    2NO2H0    =    SO2H02    +  'W\0,. 

Sulphurous        Nitric  acid.  Sulphui-ic  Nitric 

'^"^y^"^^-  acid.  peroxide. 

The  whole  of  the  nitric  peroxide  has  thus,  after  taking  part  in 
this  series  of  reactions,  returned  to  its  original  condition.  Theo- 
reticaUy,  therefore,  a  smaU  quantity  of  this  substance  ought  to  be 
■<  able  to  convert  an  indefinitely  great  quantity  of  sulphurous  anhy- 
■!  diide,  oxygen,  and  water  into  sulphuric  .acid.  In  practice,  however 
there  is  considerable  loss  of  nitric  peroxide  which  must  be  con- 
stantly replaced. 

On  the  above  reactions  the  commercial  process  for  the  manu- 
'  ture  of  sulphuric  acid  is  founded.    The  f oUowing  is  a  brief  outline 
or  the  operations  : — 

The  sulphurous  anhydride  is  procured  by  the  combustion 
e  ther  of  sulphur  or  of  iron  pyrites  in  a  furnace  A  (Fig.  42)  con- 
tructed  for  this  purpose.  The  gas  passes  on,  mixed  with  nitrogen 
and  oxygen,  into  a  large  leaden  chamber,  of  which  there  are  two  or 
IZ  rT"?'"^  consecutively  by  means  of  wide  passages.  The 
s  tw!    if  °^  °^^^^^^bers  are  constructed 

LT  T     ^  -"^'^^'^^  ^^th  the  hydrogen,  blow- 

jPipe.   A  junction  in  which  any  other  metal  had  been  employed 
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would  not  resist  corrosion  by  the  eulphuric  acid,  as  a  voltaic  action 
would  be  thus  set  up  with  the  lead.  The  gases  from  the  pyrites 
burners,  before  entering  the  chambers,  traverse  an  arrangement  E, 


Fi&.  42, 


known  as  a  "  Glover's  tower."  This  consists  of  a  taU  leaden  tower 
lined  with  fire-brick  and  fiUed  with  broken  flints,  or,  less  fre- 
ouently  furnished  with  shelves.  At  the  top  of  this  tower  are  two 
Lervoirs  •  one  filled  with  dilute  acid  from  the  chambers,  the  othei- 
containing'  a  strong  acid  saturated  with  nitric  peroxide  and  denyed 
from  the  "  Gay-Lussac  tower"  (see  p.  291)  in  a  later  stage  o  the 
«  As  the  two  acids  from  the  reservoirs  mix  m  tnckhng 
rwT  over  the  flints,  the  nitric  peroxide  which  .s.soU^^^^^^^^ 
dilute  acid,  is  liberated,  and  is  earned  by  the  gases  from  the  pyutes 
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burners  into  the  leaden  chamber.    At  the  same  time  this  dilute 
acid,  meeting  the  hot  gases,  is  deprived  of  a  considerable  portion 
of  its  water,  which  is  carried  into  the  leaden  chamber  in  the  form 
of  steam  to  furnish  the  water  necessary  to  the  formation  of  sul- 
phuric acid ;  and  a  concentration  is  thus  economically  effected. 
The  oxides  of  nitrogen  required  to  supply  the  place  of  those 
.  unavoidably  lost  during  the  process,  are  prepared  from  k  mixture  of 
sodic  nitrate  and  sulphuric  acid  contained  in  nitre  pots  which  are 
placed  at  the  entrance  to  the  chambers  and  heated  by  the  pyrites 
burners.     As  the  mixture  of  sulphurous  anhydride,  oxides  of 
nitrogen,  and  oxygen- passes  through  the  first  chamber,  the  reac- 
tions already  described  (see  Preparation  4)  take  place.    Jets  of 
steam  from  the  boiler  5  are  constantly  blown  into  the  chamber, 
thus  furnishing  the  water' necessary  for  the  formatidn"  of  the  acid. 
In  order  to  save  the  fuel  required  for  the  production  of  steam 
'  Sprengel  recommends  that,  instead  of  steam,  water,' in  the  form  of 
fine  spray,  should  be  blown  in.     The  sulphuric  acid  collects  on 
the  bottom  of  ^  the  chamber,  and  the  liberated  oxides  of  nitrogen 
pass  on  mto  the^second  chamber.    Here  the  gases  meet  with  a 
fresh  supply  of  steam,  and  the  sulphurous  anhydride  which  has 
escaped  the  reaction  in  the  first  chamber  is  converted  into  sul- 
phuric acid.    Nothing  ought  to  escape  from  the  last  chamber  but 
mtric  peroxide,  an  .excess  of  oxygen,  and- the  nitrogen  of  the  air 
The  nitric  peroxide  is  recovered  by  passing  the  spenf  gases  through 
the  Gay-Lussac  tower  C,  which  is  similai-in  construction  to  the 
Wover  tower,  except  that  it  is  fiUed  with  fragments  of  coke  Con 
centmted  sulphuric  acid  is  introduced  at  the  top  of  this  tower  and 
meetmg  the  nitric  peroxide,  which  ls  passing  in  the  contrary  direc- 
lon,  absorbs  it.  This  acid,  saturated^  with  nitric  peroxide,  iLawn 
oft  at  the  bottom  of  the  tower  and  utilised  in  the  Glov  r's  tower 
already  described.    The  circulation  of  the  gases  throu.hThe 
chambers  is  kept  up  by  means  of  the  draught  of  a  tall  clSmney 
connected  with  the  Gay-Lussac  tower  ^ 

l-55^oM'f  '°  """^  "  g^^^ity  greater  than 

f  ni  Lien"  Tttlh       "  '^"^  ^'"^^  ^^-^'^^ 

Glovpr.f      ^^'"/'^'^^^^  concentration  is  effected  partly  in  the 

sniptr:Si\t"?'tr^    ^^^^^^^^  into 

every  Z  ^Ci^^^  '''''      '^''^  ^^^^^  -  -^-ed  for 

u  2 
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The  acid  thus  prepared  contains  lead  derived  from  the  cham- 
bers and  arsenic  from  the  pyrites.  Nitrous  anhydride  is  also 
present.  This  last  impurity  may  be  removed  by  the  addition  of 
some  ammonic  sulphate  : — 

SO^CNH^O)^    +    N2O3    =    SO2H02    +    3OH2    +  2N2. 

Amnionic  Nitrous  Sulphuiic  Water, 

sulphate.  anhydride.  acid. 

The  arsenic  may  be  got  rid  of  by  adding  hydrochloric  acid  and 
boiling,  when  it  passes  off  as  >arsenious  chloride  along  with  the 
excess  of  hydrochloric  acid.  The  sulphuric  acid  must  finally  be 
purified  by  re-distillation. 

Properties. — Sulphuric  acid,  concentrated  as  far  as  possible  by 
boiling,  still  retains  1-5  .per  cent,  of  > water.  When  this  acid  is 
cooled  to  0°,  the  pure  acid,  of  ^the  formula  SOgHog  'crystallises  out 
in  colourless  prisms  fusing-at  10-5°.  When  the  pure  acid  is  heated 
it  first  gives  off  sulphuric  •anhydride,  until  it  contains  1-5  percent, 
of  water,  wlien  it  distils  unchanged.  Ordinary  commercial  sul- 
phuric acid  does  not  contain  more  than  94-per  cent,  of  SO2H02. 

Sulphuric  acid  boils  at  330°,  imdergoing  dissociation  into  sul- 
phuric anhydride  and  water,  which,  however,  immediately  re-unite 
when  the  vapour  is  condensed.  Owing  to  this  dissociation,  the 
vapour-density  is  only  half  as  great  as  it  would  be  if  no  decom- 
position had  taken  place : — 

SO2H02    =    SO3    +  OH2. 

2  vols.  2  vols. 

(Cf.  also  p.  39.) 

When  diluted  with  water  and  cooled  to  0°  it  deposits  large 
prismatic  crystals  of  the  formula  S02Ho2,OH2,  fusing  at  7-5°. 
This  may  be  regarded  as  a  tetrabasic  acid  of  the  formula  SOH04. 
,This  is  substantially  the  acid  which  runs  from  the  Glover's  tower, 
and  is  known  in  commerce  under  the  name  of  "brown  acid," 
having  a  specific  gravity  of  r720..   Salts  of  this  tetrabasic  acid  are 

known.  . 

A  third  hydrate,  S02Ho2,20H2,  corresponding  to  a  hexabasic 
acid,  SHog,  was  obtained  by  Graham  by  evaporating  dilute  sul- 
phuric acid  at  100°  C.  in  vacuo  tOl  it  ceased  to  lose  weight.  Salts 
of  this  hexabasic  acid  are  also  known.  The  formation  of  this 
hydrate  also  corresponds  to  the  maximum  contraction  which  takes 
place  when  sulphuric  acid  and  water  are  mixed  (see  below). 

Pure  dibasic  sulphuric  acid  is  a  heavy  oily  colourless  hquid. 
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It  has  a  very  strong  affinity  for  water.  When  the  two  liquids  are 
mixed  great  heat  is  evolved,  the  temperature  frequently  rising 
above  100°.  The  mixing  must  be  performed  gradually,  care  being 
taken  to  pour  the  acid  into  the  water ;  if  this  order  be  reversed, 
the  hot  acid  will  be  thrown  about  by  the  explosive  ebuUition  of 
the  water.  The  mixture  is  accompanied  by  diminution  of  volume  : 
the  maximum  contraction,  amounting  to  8  per  cent.,  occurs  when 
1  molecule  of  acid  is  mixed  with  2  of  water. 

The  following  table  contains  the  specific  gravities  of  aqueous 
sulphuric  acid  of  various  strengths  at  a  temperature  of  15° :  

Specific  Gravity  Table  of  Sulphuric  Acid  at  15°  (J.  Kolb). 


Specific 
gravity  at 
15°. 


1-000 
1-007 
1-014 
1-022 
1-029 
1-037 
1045 


•052 
-060 
•067 
-075 
083 
•091 
■100 
•108 
116 
•125 


1-134 


-142 
-152 
•162 
-171 
-180 
1-190 
1  -200 
1-210 


•220 
231 
241 
252 
263 
274 
285 
297 


Percentage 
of  SOoHoo. 


0-9 
19 
2^8 

3-  8 

4-  8 

5-  8 

6-  8 

7-  8 
8^8 
9^8 

10^8 
11^9 
13-0 
14^1 

15-  2 

16-  2 

17-  3 

18-  5 

19-  6 

20-  8 

22-  2 

23-  3 

24-  5 
25  •S 

27-  1 

28-  4 

29-  6 
81  -0 

32  -2 

33  -4 
34-7 
36-0 
37  ^4 
38-8 


Degrees 
(Baumg) , 


34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
.51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 


Specific 
gravity  at 
15°. 


1  -308 
1-320 
1-333 
1  -345 
1-357 
1-370 
1-383 
1-397 
1-410 
1  -424 
1  -438 
1-453 
1-468 


•483 
•494 
-514 
•530 
•540 
•563 
•580 
•597 
•615 
•634 
•652 
•671 
•691 
•711 
•732 
•753 
1^774 
1^796 
1^819 
1^842 


1- 

1- 

!■ 

!■ 

!• 

1 

!• 

!• 

1^ 

1' 

1 

1 

1 

1 

1' 

1- 


Percentage 

of  SO2HO2. 


40^2 
41^6 

43  '0 

44  ^4 

45  •S 
46^9 
4S-3 
49^8 

51-  2 

52-  8 
54^0 
55^4 
56^9 
58  -3 
59^6 

61-  0 

62-  5 
64^0 
65^5 
67^0 
68  •B 
70^0 
71  6 

73-  2 

74-  7 
76-4 

78-  1 

79-  9 
81-7 
84-1 
86-5 
89-7 

100  -0 
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Owing  to  the  affinity  of  sulpliuTic  acid  for  water,  it  frequently 
removes  the  elements  of  water  from  organic  compounds.    In  this 

way  oxalic  acid  (|^qoHo)  decomposed  into  carbonic  anhy- 
dride, carbonic  oxide,  and  water  (p.  218).  Sugar,  wood,  and  other 
substances  belonging  to  the  class  of  the  cariohydrates,  so  called 
because  the  oxygen  and  hydrogen  which  they  contain  in  combina- 
tion with  carbon  are  present  in  the  proportions  necessary  to  form 
water,  are  charred  by  the  action  of  strong  sulphuric  acid.  Its 
powerfully  corrosive  action  on  the  animal  tissues  is  due  to  the 
same  cause. 

Sulphates. — Sulphuric  acid  forms  several  classes  of  salts,  of 
which  the  following  compounds  may  be  taken  as  typical 
examples : — 

0 

^  phtte  '""^"l  SO^HoKo.  H-O-S-O-K 

0 
0 


Potassic  sulphate    , .  SO2K02. 


Zincic  sulphate  ....  S02Zno". 


Tetrabasic  zincic  sul-1 

phate,  (JDizincic  l-SOZno^o- 
sulphate.)  J 


Hexa,basic  zincic  sul-l 

phate.  {Trizincic  ^SZno'j. 
sulphate.)  J 


K— 0— S— 0— K 

II 

0 

0 

.0.  II 
Zn^  ^S 

\o/|| 

0 

0 

<o><o> 

Zn 

/\ 
0  0 

\/ 

Zn/^  "^zl 
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H 
0 

Crystallised  gypsum.  "1  /*^\  [ 

{Tetrahydric  cato  [-SHo^Cao".  Ca. 
sidphate)  J  ^0/  | 

I 

H 

I 

0 

Gypsum  dried  at  1 00°.  1  I 
{Dihydric  calcic  ml-  Y^O'R.o^Cb.o".     Ca^  ^S=0 

phate)  J  \0/  I 

0 

I 

H 
0 

Gypsum     dried     at~]  /Ov  || 

200°.     {Calcic  sul-  l-SOgCao".  Ca( 

fhatc.)   J  \0/  ||. 

0 

The  sulphates  of  barium  and  lead  are  insoluble  in  water; 
those  of  calcium,  strontium,  and  silver  sparingly  soluble ;  all  other 
normal  sulphates  are  readily  soluble. 

PYROSULPHURIC  ACID.    Dihydric  Disulphate.  Nord- 

hausen  Sulphuric  Acid. . 

rSOaHo 
LSO^Ho 

Preparation. — 1.  This  compound  is  formed  by  the  action  of 
sulphuric  oxychlorhydrate  on  sulphuric  acid : — 

rso^Ho 

SO^ClHo    +    SO.,Ho2    =       0  +  HCl. 

LsO^Ho 

Sulphuric  Sulphuric  Pyrosulphuric  Hydi-o- 

oxychlorhjdrate.  acid.  acid.  chloric  acid. 

_  2.  Sulphuric  anhydride  is  dissolved  by  concentrated  sulphuric 
acid,  with  formation  of  pyrosulphuric  acid:— 
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rso.Ho 

SO2H02    +    SO3    =  Jo 

LSO^Ho 

Sulphviric  acid.        Sulphuric  Pjrosulphui-ic 
anhydride.  acid. 

The  result  of  the  reaction  is  a  strongly  fuming  liquid,  which,  when 
cooled  to  0°  deposits  the  pyrosulphuric  acid  in  the  form  of  large 
colourless  crystals,  fusing  at  35°.  On  heating,  pyrosulphuric  acid 
is  decomposed  into  sulphuric  acid  and  sulphuric  anhydride. 

3.  It  is  prepared  on  a  large  scale  by  distilling  dried  ferrous 
sulphate  in  earthenware  retorts.  The  ferrous  sulphate  is  decom- 
posed into  ferric  oxide,  sulphurous  and  sulphuric  anhydrides  :— 

2S02Eeo"    =    Pe^Og    +    SO^    +  SO3. 

Ferrous  Ferric  Sulphurous  Sulphuric 

sulphate.  oxide.  anhydride.  anhydride. 

Crystallised  ferrous  sulphate  has  the  formula  SOHo2reo",60H2. 
It  parts  with  its  water  of  crystallisation  at  100°;  but  in  order 
to  convert  the  resulting  compound  SOHOgFeo"  into  SOgFeo" 
and  water,  a  much  higher  temperature  is  necessary,  and  in 
practice  it  is  found  impossible  completely  to  dehydrate  large 
quantities  of  the  salt.  Water  is  therefore  given  off  in  the 
distillation  of  the  ferrous  sulphate,  and  combines  Avith  the 
sulphuric  anhydride  to  form  the  fuming  acid.  The  presence  of 
sulphurous  anhydride  is  objectionable,  as  this  gas,  in  escaping, 
carries  away  with  it  considerable  quantities  of  the  volatile  sul- 
phuric anhydride.  The  water  and  the  sulphurous  anhydride  are, 
liowever,  chiefly  given  off  in  the  earlier  part  of  the  process.  This 
process  takes  place  in  two  stages.  In  the  first  of  these  the  dihydric 
ferrous  sulphate  is  converted,  with  evolution  of  sulphurous  anhy- 
dride and  water,  into  diferric  sulphate — a  compound  derived  from 
the  hexabasic  acid : — 

2SOHo2reo"    =    SCFe'^'^Og)^    +    SO2    +  2OH2. 

Dihydric  ferrous  Diferric  sulphate.       Sulphurous  Water, 

sulphate.  anhydride. 

In  the  second  stage  the  diferric  sulphate  breaks  up  into  sulphuric 
anhydride,  which  distils  over,  and  ferric  oxide,  which  remains  in 
the  retort : — 

S('re'"206)^^    =    SO3    +  'Fe"',0,. 

Diferric  sulphate.        Sulphuric         Ferric  oxide, 
anhydride. 


PERSULPHUEIC  ANHYDRIDE. 


297 


The  first  portion  of  tlie  distillcate,  consisting  of  a  weak  acid,  is 
therefore  rejected,  and  the  product  is  only  collected  when  the  white 
fumes  of  the  anhydride  begin  to  make  their  appearance.  The 
resulting  brownish  liquid  is  the  Nordhausen  sulphuric  acid  of  com- 
merce. The  production  of  sulphurous  anhydride  may  be  greatly 
reduced,  and  the  yield  of  sulphuric  anhydride  correspondingly  in- 
creased, by  a  preliminary  oxidation  of  the  ferrous  sulphate  to  ferric 
sulphate.  This  is  accomplished  by  drying  the  ferrous  salt  at  a 
relatively  high  temperature  with  free  access  of  air. 

Character. — Pyrosulphuric  acid  may  be  regarded  as  derived 
from  two  molecules  of  sulphuric  acid  by  the  abstraction  of  one 
molecule  of  water : — 

rso^Ho 

2SO2H02    -    OH2    =    ^  0 

LsO^Ho 

'  Sulphuric  Water.  Pyrosulphuric 

acid.  acid. 

It  is  thus  a  semi-anhydride,  possessing  the  properties  both  of  an 
anhydride  and  of  an  acid.  If  it  were  possible  for  the  molecule  of 
pyrosulphuric  acid  to  part  with  a  second  molecule  of  water,  we 

0       0  0 

should  obtain  an  anhydride,  /S^'  ,  the  true  anhydride  of 

pyrosulphuric  acid,  polymeric  with  ordinary  sulphuric  anhydride, 
SO3.  It  is  possible  that  the  modification  of  srdphuric  anhydride 
melting  above  60°  corresponds  with  this  anhydride  of  higher  mole- 
cular weight. 

The  formation  of  sodic  pyrosulphate  has  already  been  described 
(p.  286). 

PERSULPHITRIC  ANHYDRIDE. 

8,0;. 

Preparation. — This  compound,  discoyered  by  Berthelot,  was  prepared  by  subject- 
ing a  mixture  of  equal  volumes  of  sulphurous  anhydride  and  oxygen  to  the  action  of 
the  silent  electric  discharge  in  a  Siemens  tube  (p.  166) .  At  the  end  of  ten  hours  the 
substance  was  thus  obtained  in  the  form  of  drops  of  a  syrupy  liquid,  wliich  at  0° 
Bohdified  to  needles  resembling  those  of  sulphuric  anhydride. 

Pro^eri'ie*.— Persulphuric  anhydride  dissolves  in  water,  but  the  solution  is 
almost  instantly  decomposed  into  sulphuric  acid  and  free  osygen : — 

S5O7    +    2OH2    =    2SO2H02    +  O. 

The  solution  in  concentrated  sulphuric  acid  is  more  stable,  but  slowly  evolves 
oxygen.  The  addition  of  spongy  platinum  to  the  solution  causes  the  oxygen  to  be 
given  off  at  once. 
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Persulphuric  anhydride  is  an  oxidising  agent.  It  converts  ferrous  into  ferric 
salts,  and  oxidises  sulphuroiis  to  sulphuric  anhydride. 

With  baryta- water  it  yields  baric  persulphate,  which  is  soluble  in  water  but  the 
solution  speedily  deposits  insoluble  baric  sulphate,  with  evolution  of  oxygen. 


THIOSULPHURIC  ACID  (formerly  termed  Hyposnl- 

phurous  Add). 

SO2H0HS  (liypothetical). 

Tliis  acid  is  not  known  in  the  free  state,  as,  when  liberated 
from  its  salts,  it  almost  instantly  undergoes  decomposition  (see 
below). 

Preparation  of  Thiosulphates  {formerly  HyposulpiUtes).—!. 
Sodic  thiosulphate  is  formed  when  a  solution  of  sodic  sulphite  is 
boiled  with  flowers  of  sulphur  : — 

SON"ao2    +    S    =  S02N'aoNas. 

Sodic  sulphite.  Sodic  thiosulphate. 

This  formula  for  sodic  thiosulphate  is  true  of  the  salt  only 
after  exposure  to  a  temperature  of  215°.  The  composition  of  the 
salt  when  dried  at  a  lower  temperature  is  SOHOgNaoISras.  This 
peculiarity  of  containing  a  molecule  of  water  of  constitution  which 
can  be  expelled  only  at  a  high,  temperature,  and,  in  many  cases, 
not  without  decomposition  of  the  salt,  is  shared  by  most  of  the 
other  thiosulphates ;  but  plumbic  thiosulphate  contains  no  hydrogen, 

and,  after  drying  at  100°,  has  the  formula  SOjl  gPb  I. 

2.  Sodic  thiosulphate  may  also  be  obtained  by  passing  sul- 
phurous anhydride  into  a  solution  of  sodic  sulphide.  The  reaction 
in  this  case  is  of  a  complex  character.  First,  the  sulphurous  acid 
decomposes  the  alkaline  sulphide,  yielding  sodic  sulphite  and 
liberating  sulphur,  which  acts  upon  the  sodic  sulphite  according  to 
(1),  forming  sodic  thiosulphate.    The  equations  are : — ■ 

3SOH02    +    2SN'a2    =    2SON"ao2    +    3S    +  SOHo. 

Sulphurous  Sodic  Sodic  Water, 

acid.  sulphide.  sulphite. 


SON"ao2    +    S    =  SOg^^aoNas. 

Sodic  sulphite.  Sodic  thiosulphate. 


THIOSULPIIURIC  ACID. 
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3.  When  sulphur  is  warmed  with  a  solution  of  caustic  soda,  a 
mixture  of  sulphide  and  thiosulphate  is  formed: — 

6NaHo    +    4S    =    S02N"aoNas    +    2Sm^    +  SOHa- 

Sodic  Sodic  Sodic  "Water, 

hydrate,  thiosulphate.  sulpliide. 

The  sodic  sulphide  generated  in  this  reaction  may  be  converted 
into  thiosulphate  by  passing  sulphurous  anhydride  into  the  solu- 
tion (Preparation  2). 

4.  When  a  persulphide  of  an  alkali  or  of  an  alkaline  earth  is 
exposed  to  the  air  in  a  moist  state,  oxygen  is  absorbed  and  a  thio- 
sulphate is  produced : —  >" 

'S'aCa    +    3O3    =  SOa^^^Cay. 

Calcic  persulphide.  Calcic  thiosulphate. 

The  calcic  sulphide  from  the  soda  waste  (see  soda  manufacture) 
is  frequently  employed  for  this  purpose.  Sometimes  instead  of 
oxidising  the  soda  waste  by  the  action  of  the  air,  it  is  treated  witli 
sulphurous  anhydride.  In  either  case  the  calcic  thiosulphate  is 
extracted  with  water,  converted  into  the  sodium  salt  by  means  of 
sodic  carbonate  or  sulphate,  and  purified  by  crystallisation. 

5.  Sodic  thiosulphate  is  formed  by  the  action  of  iodine  on  a 
solution  of  sodic  sulphide  and  sodic  sulphite  : — 


SNag    +    SONao^    +    I2  = 

Sodic  Sodic 
sulphide.  sidphite. 


SOa^^aolSras    +  2N'aI. 

Sodic  Sodic 
thiosulphate.  iodide. 


Reactions. — 1.  The  thiosulphates,  wben  acted  upon  by  acids, 
evolve  sulphurous  anhydride,  whilst  sulphur  is  precipitated  : — • 

S02NaoKas  +  2HC1  =  2NaCl  +  OH^  +  S  +  SOg. 

Sodic  thio-       Hydrochloric      Sodic  Water.  Sulphurous  . 

sulphate.  acid.  chloride.  anhydride. 

2.  Sodic  thiosulphate  dissolves  argentic  chloride,  forming  a 
double  salt  of  the  formula  SOHojlSraoAgs 

SO^NaoNas    +    AgCl   +   OH^   =   NaCl   +  SOHo2NaoAgs. 

Sodic  Argentic         "Water.  Sodic  Sodic  argentic 

thiosulphate.  chloride.  chloride.  thiosulphate. 

It  is  this  property  which  has  led  to  the.  employment  of  sodic 
thiosulphate  in  photography  as  a  means  of  fixing  photographs. 
The  photographic  paper,  sensitised  by  impregnation  with  argentic 
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chloride,  is  blackened  in  those  parts  which  are  exposed  to  the 
action  of  light.  In  order  to  render  permanent  the  picture  thus 
produced,  It  IS  necessary  to  remove  the  unaltered  argentic  chloride 
and  this  IS  accomplished  by  steeping  the  picture  in  a  bath  of  sodic 
thiosulphate. 

DITHIONOTJS  ACID,  Sydrosulphurous  Acid. 

J  SOHo» 
iSOHo  ■ 

^  Freparation.—l.  When  zinc  is  introduced  into  an  aqueous  solution  of  sul- 
phurous anhydride  in  a  vessel  from  which  air  is  excluded,  the  metal  unites  du-ectlv 
with  the  anhydride  to  form  zincic  dithionite  :— 

,     2S0,    +    Zn    =  {l^Zno 

Sulphurous  Zincic 
anhydride.  dithionite. 

or  if  we  assume  the  presence  of  sulphurous  acid  in  the  liquid  :— 

2S0H0,    +    Zn     =     {l^Zno"    +  OH^. 

Sulphurous  Zincic  Water, 

acid.  dithionite. 

Eeaction.— The  yellow  liquid  obtained  by  the  above  process  possesses  powerful 
reducing  properties.  When  exposed  to  the  air,  it  absorbs  oxygen  rapidly  with  great 
erolution  of  heat,  the  dithionous  acid  being  converted  into  sulphurous  acid  :— 

{sOHo    +    O    +    OH2    =  2SOH03. 

Dithionous  Water.  Sulphurous 

.acid.  acid. 

It  also  precipitates  silver  and  mercury  in  the  metallic  state  from  the  solutions  of 
their  salts. 

Schiitzenberger  has  proposed  to  use  it  for  the  estimation  of  dissolved  oxygen  in 
water. 

DITHIONIC  KCTn^Hyposulphuric  Acid. 

J  SOoFo 
tsOaHo' 

Preparation. — 1.  Powdered  manganic  oxide  is  suspended  in  water  and  a  current 
of  sulphurous  anhydride  is  passed  through  the  liquid,  when  the  manganic  oxide 
gradually  dissolves.    The  solution  contains  manganous  dithionate  : — • 

MnOs    +    2SO2    =  jgQ^Mno". 

Manganic    Sulphurous  Manganous 
oxide.       anhydride.  dithionate. 


*  The  formula  SOHHo  was  formerly  erroneously  assigned  to  this  acid. 
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This  solution  is  next  treated  with  baric  sulphide,  which  precipitates  manganous  sul- 
phide, whilst  baric  dithionate  is  formed  and  remains  in  solution  : — 

jlg'^alno"    +    BaS"    =    MnS"    +     •[  |°^Bao". 

Manganous         Baric       Manganous  Baric 
dithionate.        sulphide.     sulpliide.  dithionate. 

'  By  adding  sulphuric  acid  to  a  solution  of  the  baric  dithionate,  baric  sulphate  is  pre- 
cipitated, and  dithionic  acid  remains  in  solution : — 

•  {IS?-"         =        +  {sS;io- 

Baric  Sulphuric  Baric  Dithiouic 

dithionate.  acid.  sulphate.  acid. 

The  solution  of  dithionic  acid  may  be  evaporated  in  vacuo  over  sulpliuric  acid  till 
it  attains  a  specific  gravity  of  1"347,  but  beyond  this  point  it  decomposes  into 
sulphuric  acid  and  sulphurous  anhydride.  The  dilute  acid  undergoes  the  same 
change  on  boihng. 

2.  Dithionic  acid  is  also  formed  when  a  dilute  solution  of  iodine  in  potassic 
iodide  is  added  to  a  dilute  solution  of  hydiic  sodic  sulphite : — 

2SOHoNao    +    lo    =  {go^Ho 

Hydric  sodic  Dithionic  Sodic 

sulphite.  acid.  iodide. 

About  20  per  cent,  of  the  sulphite  is  thus  transformed.  The  remainder  is  converted 
into  sulphate. 

Dithionates. — The  dithionates  mostly  crystallise  well.  They  may  be  obtained 
either  by  neutraUsing  a  solution  of  the  acid  with  a  base,  or  by  exactly  precipitating  a 
solution  of  baric  dithionate  with  a  soluble  sulphate. 

TRITHIONIC  ACID,  SulpTioditMonic  Acid,  Sulphuretted  Syposulphuric  Acid. 


r  SO2H0 

"  S" 
SO2H0 


1 


Preparation. — 1.  By  digesting  flowers  of  sulphur  at  a  temperature  of  between 
50°  and  60°  with  a  concentrated  solution  of  hydric  potassic  sulphite,  potassic  tri- 
thionate  and  potassic  thiosulphate  are  formed  : — 

r  SO2E0 

6SOK0H0    +    2S    =    2-^  S"  +    SO.,KoKs    +  SOH,. 

-LSO2K0 

Hydric  potassic  Potassic  Potassic  Water, 

sulphite.  trithionate.  tliiosulphate. 

2.  Potassic  trithionate  may  also  be  obtained  by  satiirating  a  very  concentrated 
solution  of  potassic  thiosulphate  with  sulphurous  anhydride  : — 

fSO-^Ko 

■2SO2K0K3    +    3SO3    =    2^8"  +    S.  " 

[  SO2K0 

Potassic        Sulphurous  Potassic 
thiosulphate.     anhydride.        trithionate.  ' 
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boUed^^-          '"^^  '  °*  P"'^'^^"''  thiosulphate  « 

fSOoKo 

2S02E:oAg8    =    ^S"'       +  sAg, 
LsO.Ko 

Potas8ic  argentic        Potassic  Argentic 
tluosulphate.         tritbionate.  sulpbide. 

,  >K  adding  iodine  to  a  solution  of  sodic  sulpbite  and  tbiosulpbate,  sodic 
tritbionate  and  sodic  iodide  are  formed  :— 

SONaOo    +    SO^NaoNas    +    I,    =    J|?^^^''    ^  ^^^j 

ISOjNao 

Sodic                Sodic                             Sodic  Sodic 

sulpbite.        tbiosulpbate.                    tritbionate.  iodide. 

An  aqueous  solution  of  trithionic  acid  may  be  obtained  by  decomposing  tbe 
potassium  salt  witb  bydrofluosilicic  acid  : —  & 

[SpaKo  rsOaHo 

L  SO2K0  [  SO2H0 

Potassic        Hydrofluo-        Tritbionic  Potassic 
tritbionate.      sUicic  acid.  acid.  sibcofluoride, 

Tbe  liquid  is  filtered  from  tbe  insoluble  potassic  sibcofluoride.  Tbe  free  acid  is 
very  unstable,  and  spontaneously  decomposes  into  sulpburic  acid,  sulpburous  anby- 
dride,  and  free  sulphur : — ' 

r  SO2H0 

.      S"  =    SO,Ho2    +    SO,    +  S. 
[  SO2H0 

Trithionic       Sulphuric  Sulpburous 
acid.  acid.  anhydride. 

Sodium  amalgam  converts  a  tritbionate  into  a  mixture  of  sulpbite  and  tbio- 
sulpbate, thus  reversing  the  process  of  its  formation  from  these  salts  :  

r  SO^Nao 

S"  +    Nao    =    SONao2    +  SOoNaoNas. 

.SOsNao 

Sodic  Sodic  Sodic 

tritbionate.  sulphite.  tbiosulpbate. 

TETBATHIONIC  ACID,  Disulphodmionic  Acid,  Bisulphuretted 
Hyposulphuric  Acid. 

fSOaHo 

S" 

S"  * 
^SOsHo 

Preparation. — ^When  iodine  is  added  to  a  Solution  of  a  thiosulphate,  an  iodide 
and  a  tetrathionate  of  the  base  are  formed  : — 

'SOsNao 

2S0sNaoNa8    +    Ij    =»    -j  g/,  +  2NaI, 

^SOjNao 

Sodic  Sodic  Sodic 

thiosulphate.  tetrathionate.  iodide. 
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This  action  of  iodine,  in  coupling  together  two  atoms  of  sulphur  in  two  molecules 
of  substances  containing  the  group  Hs  (or  its  equivalent,  Ks,  Nas,  &c.),  is  charac- 
teristic of  this  element,  and  meets  with  many  applications  in  organic  chemistry. 

If  baric  thiosulphate  be  employed,  baric  tetratliionate  wUl  be  formed,  and 
by  decomposing  this  salt  with  dilute  sulphiiric  acid  an  aqueous  solution  of  tetra- 
thionic  acid  may  be  obtained.  The  dUute  solution  may  be  boiled  without  decom- 
position ;  but,  when  concentrated,  the  acid  breaks  up  into  sulphurous  acid,  sulphuric 
acid,  and  free  sulplmr. 

Sodiiun  amalgam  reconverts  the  tetrathionates  into  thiosulphates : — 

rSO.Nao 

W  g„  +    Nas    =  2S02NaoNas. 

[sOoNao 

Sodic  Sodic 
tetrathionate.  thiosulphate. 


PENTATHIONIC  ACID,  TrisulpTiodithionic  Acid,  Trisul/phuretted 
HyposuVphuric  Acid. 

rso^Ho 

I  S" 

<  S"  . 

S" 

^SOaHo 

Preparation. — 1.  This  acid  may  be  obtained  by  passing  sulphuretted  hydrogen 
into  a  solution  of  sulphurous  anhydride : — 


Sulphuretted 
hydrogen. 


Sulphurous 
anhydride. 


r  S02B:o 
I  S" 

H  S"  H 

I  S" 

i^SOsHo 
Pentathionic 
acid. 


40Hn 


Water. 


5S. 


2.  It  is  also  formed  by  the  action  of  disulphur  dicHoride  on  baric  thio- 
sulphate : — 

S"  I 


2S03gBa 


Baric 
thiosulphate. 


+    'S'^Cla  = 


Disulphur 
dichloride. 


S"  Bao" 
S"  1 

Baric 
pentathionate. 


BaCL 


Baric 
chloride. 


S. 


The  aqueous  solution  of  the  acid  may  be  concentrated  till  it  attains  a  specific 
gravity  of  1*6,  but  beyond  this  point  it  decomposes,  evolving  sulphurous  anhydride. 
The  pentathionates  are  unstable,  and  have  been  but  imperfectly  examined. 


COMPOUNDS  OF  SULPHUR  WITH  OXYGEN  AND  CSLOBINE 
ipXYCHLOniDES,  ACID  CHLORIDES). 

These  compounds  may  be  regarded  as  derived  from  the  corresponding  oxy-acids 
of  sulphur  by  the  substitution  of  chlorine  for  hydroxyl  (see  acid  chlorides  of  the 
nitrogen  acids,  p.  242). 
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Acid  chloride. 


Acid  cliloride.  Corresponding  acid, 

bulphurous  oxycliloride  {TMony- 

Sulphurous  acid  ....  SC 
>  Sulphuric  acid   SOjHo, 


Uc  chloride)  SOCI2        Sulphurous  acid  ....  SOHo 

Sulphuric    oxydichlonde    (Sul-  ■^  o'-'ii02 


phurylic  chloride)   SCClg 

Sulphuric  oxychlorbydrate  {Sul- 
phurylic  chlorhydrate)   SO^ClHo 

Pyrosulphurylic  chloride   J  O  "  Pyrosulphuric  acid      '  ' 


O 

'2'-'^  L  SO2H0 

SULPHXTBOTTS  OXYDICHLORIDE,  Thionylic  Chloride. 

SOCI2. 

Molecular  weight  =  119.  Molecular  volume  □□•  1  Utre  of  sulphurous  oxydi- 
chloride  vapour  weighs  59-5  crH?i,s.  Specific  gravity  of  liquid  1-675  Boils 
at  78°. 

Preparation.— 1.  When  dry  sulphurous  anhydride  is  passed  over  phosphoric 
chloride,  sulphurous  oxydichloride  and  phosphoric  oxytrichloride  are  formed  :— 

SO2        +        PCI5        =        SOCI2        +  POCI3. 
Sulphurous       Phosphoric.        Sulphurous  Phosphoric 
anhydride.         chloride.        oxydichloride.  oxytrichloride. 

2.  It  may  also  be  obtained  by  heating  together  calcic  sulphite  and  phosphoric 
oxytrichloride  in  sealed  tubes  to  150°  : — 

SSOCao"      +      2POCI3      =      3SOCI2      +  |poCao"3. 

Calcic  Phosphoric        Sulphurous  Calcic 

-  sulphite.        oxytrichloride.    oxydichloride.  phosphate. 

4 

Properties. — Sulphurous  oxydichloride  is  a  colourless  liquid,  possessing  a  pun- 
gent odour. 

Reaction.  —Water  gradually  decomposes  sulphurous  oxydichloride  into  sulphur- 
pus  and  hydrochloric  acids  : — 

SOCI2      +      20H2      =      SOH02      +  2HC1. 
Sulphurous        Water.         Sulphurous  Hydrochloric 
oxychloride.  acid.  acid. 

SULPHURIC  OXYDICHLORIDE,  Sulphurylic  Chloride. 

S0iCl2. 

Molecular  weight  =  135.  Molecular  volume  \  |  !■  1  litre  of  sulphuric  oxydi- 
chloride vapowr  weighs  67'5  criths.  Specific  gravity  of  liquid  1'66.  Boils 
at  70°. 

Preparation. — 1.  Sulphuric  oxydichloride  is  formed  by  the  direct  union  of  sul- 
phurous anhydride  and  chlorine,  either  in  sunlight  or  when  the  two  gases  are 
passed  into  glacial  acetic  acid  or  through  camphor  wliich  immediately  liquefies,  and 
the  saturated  solution,  after  standing  for  some  time,  subjected  to  distillation  : — 

SO2       -1-       CI2       =  SOoClj. 
Sulphurous  Sulphuric 
anhydride.  oxydichloride. 


V 


SULPHURIC  OXYCHLOKHYDRATE.  ^505 

2.  It  may  also  bo  pre23arecl  by  beating  sixlpburic  oxychlorbydrate  (see  below)  in 
sealed  tubes  for  12  boiirs  to  a  temperature  of  from  170°  to  180'' : — 

2SO2CIH0       =       SO.CI2       +  SO2H00. 
Sulphuric  Sulphuric  Sulpliuric 

osychlorhydrate.       oxydichloride.  acid. 

Properties. — Sulphuric  oxydichloride  is  a  coloui'less  fuming  liquid  with  a 
suffocating  odour. 

Reactions. — 1.  A  small  quantity  of  water  decomposes  it  into  sidphui'ic  oxy- 
chlorbydrate and  hydrochloric  acid  : — 

SO2CI2      +      OHa      =      SO2CIH0      +  HCl. 
Sulphuric  Water.  Sulphuric  .  Hydrochloric 

oxydichloride.  oxychlorbydrate.  acid. 

2.  An  excess  of  water  converts  it  into  sulphuric  and  hydrochloric  acids  :  

SO2CI2      +      20H2      =      SOoHos      +  2HC1. 
Sulphuric         Water.  Sulphuric  Hydrochloric 

oxydichloride.  acid.  acid. 


SULPHURIC  OXYCHLOEHYDRATE,  Sulphurylic  CMorhydrate. 

SO2CIH0. 

Molecular  weic/ht  =  IIG'S.  Molecular  volume  [  |  |.  1  litre  of  sulphuric  oxy- 
cMorhydrate  vapour  weighs  58-25  criths.  Specific  gravity  of  licpiid  1-776  at 
18°.    Boils  at  158°. 

Preparation.— 1.  Sulphuric  anhydride  and  hydrochloric  acid  unite  directly  to 
form  sulphuric  oxychlorbydrate  : — 

SO3  +  HCl  =  SO2CIH0. 
Sulphuric  Hydrochloric  Sulphuric 
anhydride.  acid.  oxychlorbydrate'. 

2.  It  may  be  obtained  by  distilling  a  mixture  of  sulphuric  acid  and  phosphoric 
chloride : — 

3SO2H03      +      PCI5      =     SSOoClHo      +      POoHo      +  2HC1. 
Sulphuric        Phosphoric         Sulphui-ic        Metaphospboric  Hydrochloric 
acid.  chloride.       oxychlorbydrate.  acid.  acid. 

-Properfae.?.— Sulphui-ic  oxychlorbydrate  is  a  colourless,  strongly  fuming  liquid. 
When  distilled  it  undergoes  partial  dissociation  into  sidphuric  anhydride  and  hydro- 
chloric acid. 

iJeac/;/o;i.— Water  decomposes  it  with  violence,  forming  sulphimc  and  hydro- 
chloric acids  : — 

SOnClHo     +      OHo      =      SO0H02      +  HCl. 
Sulphuric  Water.  Sulphuric  Hydrochloric 

oxychlorbydrate.  acid.  acid. 


X 
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PYROSTTLPBCTTRYUCC  CHLORIDE. 

{o  . 

L  SO2C1 

Molecular  weight  =  215.  Molecular  volume  |  |  |.  1  Ufre  of  pyrosulphiiryUc 
chloride  va-pour  weighs  107'5  criths.  Specific  gravity  of  liquid  1'8I9  at  18° 
Boils  at  146°. 

Preparation. — 1.  This  compouiid  is  formed  when  sulphuric  anhydride  is  heated 
■with  phosphoric  chloride : — 

rso^ci 

2SO3     +     pcrj     =     \o        +  pocij. 

L  SO2CI 

Sulphuric         Phosphoric       Pyrosulphurylic  Phosphoric 
anhydlide.  chloride.  chloride.  oxytrichloride. 

2.  It  is  also  produced  by  the  action  of  disulphur  dichloride  on  s-ulphuric  aiiliy- 
dride; — 

r  S0.,C1 

'S'aCls       +       5S0a       =       1  O  '         +  5S0.,. 

[SO5CI 

Disulphur           Sulphuric         PyrosulphuryUc  Sulphurous 

dichloride.          anhydride.              chloride.  anliydride. 

Properties. — Pyrosulphurylic  chloride  is  a  heavy,  colourless,  fuming  liquid. 
Reaction. — In  contact  with  water  it  is  slowly  decomposed  into  sidphuric  and 
hydrochloric  acids  : — 

r  SO2CI 

O  +       3OH2       =       2SO2H0.,       +  2HC1. 

I  SO.Cl 

PyrosulphuryUc  Water.  Sulphuric  Hydrochloric 

chloride.  acid.  acid. 


SELENIUM,  Se^. 

Atomic  weight  =  79.  Molecular  weight  =  158,  Molecular  volume 
n~1-  1  litre  of  selenium  vapour  vjeighs  79  criths.  SjJ.  gr., 
amorphous,  4-28  ;  crystallised,  4-8.  Fuses  at  217°.  Boils  about 
700°.    Atomicity        and       Evidence  of  atomicity : — 

Seleniuretted  hydrogen   Se''H2. 

Selenions  chloride   Se'^Cl4. 

Selenicacid   Se^'02Ho2. 

Eistorij.—Selenmm  (from  aeXn^vrj,  the  moon)  was  discovered 
in  1817  by  Berzelius  in  a  deposit  from  a  sulphuric  acid  chamber. 
The  name  was  given  on  account  of  the  analogy  of  this  element 
with  tellurium  {te.llus,  the  earth). 

(9cc?(rre?ic6.— Selenium  is  generally  found  in  veiy  small  (luan- 
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tities  along  with  sulpliur,  both  native  and  combined.  Less  fre- 
quently it  occurs  alone  in  combination  with  metals  in  a  few  rare 
minerals,  as  the  selenides  of  lead,  co^oper,  silver,  and  mercnrj. 

When  iron-  or  copper-pyrites  containing  selenium  is  employed 
in  the  manufacture  of  sulphuric  acid,  the  selenium  forms-  a  red 
deposit  in  the  chambers. 

Preparation. — The  red  deposit  from  the  sulphuric  acid  chambers 
is  digested  with  a  warm  solution  of  potassic  cyanide  until  the  red 
colour  disappears.    Soluble  potassic  selenocyanide  is  formed  : — 

KCy    -h    Se    =  SeKCy. 

Potassic  Potassic 
cyanide.  selenocyanide. 

On  adding  an  excess  of  hydrochloric  acid  to  the  filtered  solution, 
selenium  is  precipitated  as  a  red  amorphous  powder,  the  liberated 
selenocyanic  acid  being  instantly  decomposed  in  presence  of 
strong  acids  into  hydrocyanic  acid,  which  remains  in  solution,  and 
selenium. 

Properties. — Selenium,  like  sulphur,  exists  in  various  modifica- 
tions. When  precipitated  from  solutions  by  means  of  acids,  it 
forms  an  amorphous  brick-red  powder,  which,  when  heated  alono' 
with  the  liquid,,  turns  black  and  cakes  together  below  100°.  When 
melted  and  rapidly  cooled,  selenium  solidifies  to  a  black,  shiuino-, 
amorphous  mass,  with  a  conchoidal  fracture.  This  variety  is 
soluble  in  carbonic  disulphide,  and  possesses  a  specific  gravity  of 
4-28.  The  solution  deposits  monoclinic  crystals,  isomorphous  with 
those  of  monoclinic  sulphur.  The  fusing  point  of  soluble  selenium 
cfmnot  be  determined,  as  this  substance  softens  graduaDy  on 
heating. 

When  amorphous  selenium  is  heated  for  some  time  to  a  tempera- 
ture of  97°,  it  is  converted  into  the  crystalline  modification.  Tiiis 
change  is  attended  with  evolution  of  great  heat,  the  temperature 
of  the  mass  rising  above  200°.  Crystalline  selenium  is-  of  a  dark 
grey  colour,  with  a  metallic  lustre  and  granular  fracture.  Its 
specific  gravity  is  4-5.  The  same  variety  is  obtained  when  melted 
selenium  is  allowed  to  cool  very  slowly.  It  is  insoluble  in  car- 
bonic disulphide.  This  modification  conducts  the  electric  current. 
Its  electrical  resistance  is  greatly  diminished  by  exposing  the  sub- 
stance to  light,  but  is  again  restored  on  shading  it  from  the  light 

--a  property  which  is  turned  to  account  in  the  construction  of  the 

'  photoplioue. 
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When  a  solution  of  an  alkaline  seleuide  is  exposed  to  the  air 
niinnte  black  crystals  of  selenium  separate  out,  possessing  a  specific 
gravity  of  4-8.    They  are  insoluble  in  carbonic  disulphide. 

The  vapour-density  of  selenium,  like  that  of  sulphur,  decrease^ 
as  the  temperature  rises.  Above  1400°  it  possesses  the  normal 
vapour- density  c.orresponding  with  the  molecular  weight  Se^  =  158. 
The  following  determinations  of  the  vapour-density  (air  =  ]) 
illustrate  this  decrease  : — 

Temperatiu-e.  Vapour-density. 

860°  7-67 
1040  6-37 
1420  .5-68 

Selenium  dissolves  in  fuming  sulphuric  acid,  with  a  greeu 
colour. 

Reaction. — When  heated  in  the  air  selenium  burns,  forming 
selenious  anhydride,  SeO^,  at  the  same  time  giving  off  an  odour  ol' 
decayed  horse-radish. 

Nitric  acid  oxidises  selenium  to  selenious  acid,  SeOHo.,, 
whereas  sulphur  under  the  same  conditions  yields  sulphuric  acid. 

COMPOUNDS  OF  SELENIUM  WITH  HYDROGEN  AND 

CHLORINE. 

SELENIURETTED  HYDROGEN,  Hjclrosdenic  Acid. 

Molecular  iveight  =  81.    Molecular  volume  \  I  I-    1  litre  weiyh-^ 
40'5  criths. 

Preparation. — This  compound  is  formed  by  the  action  of  dilute 
hydrochloric  acid  upon  ferrous  selenide  : — 

PeSe"    +    21:101    =    SeH^    +  PeCla. 

Ferrous         Hydrochloric     Seleniuretted  Fflrrous 
•selenide.  acid.  hydrogen.  cliloride. 

Propertiesu — Seleniuretted  hydrogen  is  a  colourless  gas,  possess- 
ing an  odour  resembling  that  of  sulphuretted  hydrogen,  but  much 
more  powerful.  Inhalation  of  a  single  bubble  of  seleniuretted 
hydrogen  through  the  nose  destroys  for  some  time  the  sense  of 
smell.  Like  sulphuretted  hydrogen  it  produces  precipitates  in 
solutions  of  most  of  tlie  heavy  metals.    It  is  decomposed  by  heat 
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into  its  elements.  The  degree  of  thi&  disscwjiatioii  varies  in  a 
remarkable  manner,  being,  less  ataliiglier  than  at  a  lower  tempera- 
ture. Thus  the  dissociation  begins  at  150°,  increases  gradually 
up  to  270°,  then  decreases  gradually  as  the  temperature  rises,  till 
sit  520°  it  almost  entirely  ceases.  At  still  higher  temperatures  it 
again  increases. 

When  ignited,  seleniuretted  hydrogen  burns  in  air  with  a  blue 
flame,  yielding  selenious  anhydride  and  water : — 

SeH^    +  30    =    SeO^    +  OH2. 

Seleniiiretted  Selenioua  Water, 

hj'drogen.  anhydride. 

There  are  two  chlorides  of  selenium,  'Se'aClj  and  SeCl^. 

COMPOUNDS    OF    SELENIUM    WITH   OXYGEN  AND 

HYDEOXYL. 

Selenious  anhydride   SeOg. 

Selenious  acid   SeOHOg. 

Selenic  acid   SeOaHo^. 

SELENIOUS  ANHYDRIDE. 

SeO^, 

Preparation. — 1.  Selenious  anhydride  is  formed  by  the  direct 
combination  of  its  elements,  when  selenium  is  burned  in  a  stream 
of  oxygen. 

It  may  also  be  obtained  by  heating  selenious  acid  : — 
SeOHo2    =    SeO,    +  OH^. 

Selenious  Selenious  Water, 

acid.  auliydride, 

Properties. — Selenious  anhydride  crystallises  in  prisms,  and 
when  heated  sublimes  without  fusing. 

Reaction. — Dissolved  in  water  it  forms  selenious  acid  by  a 
reaction  the  reverse  of  the  foregoing. 

SELENIOUS  ACID. 

SeOHo2. 

PrepcmUion. — 1.  As  above,  by  dissolving  selenious  auhydridu 
ill  waier. 
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-2.  It  is  formed  when  selenium  is  oxidised  with  nitric  acfd  :— 
Se    +    0^    +    OH2    =  SeOHo^. 

Water.  Selenious  aoid. 

Properties.-!.  Selenious  acid  is  a  white,  very  soluble  substance 
crystalhsmg  in  prisms.  It  Ws  normal,  acid,  and  superacid 
salts : — 

Normal  potassic  selenite   SeOKo  . 

Hydric  potassic  selenite.   SeOHoICo. 

Superacid  potassic  selenite   SeOHoKo,SeOHo2. 

Reaction.— F.QAucmg  agents,  such  as  sulphurous  acid,  stannous 
chloride,  &c.,  precipitate  red  amorphous  selenium  from  its  solu- 


SeOHo,    +    2SOH02    =    Se    +    2SO2H02    +  OH^. 

Selenious  Sulphurous  Sulphuric  Water 

acid.  acid.  acid. 

SELENIC  ACID. 

Se02Ho2. 

Preparation.— ^ .  The  most  convenient  method  of  obtaining  this 
acid  consists  in  suspending  argentic  selenite  in  water,  and  adding 
bromine  until  a  perceptible  reddish  coloration  is  visible  :— 

SeOAgo^    +    Br^    +    OH2    =    SeOsHo^    +  2AgBr. 

Ai'gentic  Water.  Selenic  Argentic 

seleiute.  acid.  bromide. 

On  evaporating  the  filtered  liquid  a  concentrated  solution  of  selenic 
acid  remains. 

2.  Potassic  seleniate  is  prepared  by  fusing  selenium  or  metallic 
selenides  with  nitre.  The  potassic  salt  thus  formed  is  then  con- 
verted into  a  plumbic  salt,  and,  by  decomposijig  the  latter  with 
sulphuretted  hydrogen,  selenic  acid  is  obtained. 

Properties.— '^qIquig  acid  is  not  known  in  a  state  of  purity. 
The  most  concentrated  aqueous  solution  contains  97'4  per  cent,  of 
the  acid.  Turther  evaporation  causes  it  to  decompose  into  sele- 
nious anhydride,  oxygen,  and  water.  The  solution  has  a  specific^ 
gravity  of  2-627,  and  closely  resembles  in  its  properties  concen- 
trated sulphuric  acid. 

It  is  remarkable  as  being  the  only  single  acid  which  dissolves 
gold.    In  this  process  it  undergoes  reduction  to  selenious  acid. 
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Jleaction.—^^^\\Qn  heated  with  hydrochloric  acid,  selenic  acid  is 
reduced  to  selenious  acid,  chlorine  being  liberated  :— 

SeO^Ho^    +    2HC1    =    SeOHo^    +    OH^    +  CU 

Selenic  Hydroclilorie  Seleniaus  Water, 

acid.  acid.  acid. 

Selenic  anhydride  has  not  been  prepared. 

TELLURIUM,  Te^. 

Atomic  iceight  =  125.  Molecular  weight  =  250.  Molecular 
volume  n~l-  1  litre  of  tellurium  vapour  weighs  125  criths.  Sp~ 
gr.  6-2.  Fuses  at  490—500°.  AtMcity  ",  ^  and  ^i.  Evi- 
dence of  atomicity  : — 

Telluretted  hydrogen   Te^Hg.' 

Tellurous  chloride   Te^'Cl^. 

Telluric  acid   Te^'O^Ho^, 

History. — Tellurium  (from  tellus,  the  earth)  was  first  recognised 
as  a  distinct  substance  by  Miiller  von  Reichenstein,  in  1782. 

Occurrence. — It  is  found  in  very  small  quantities  both  in  the 
native  state  and  as  the  tellurides  of  metals. 

Preparation. — Bismuthic  telluride,  Bi2Te"3,  a  substance  occur- 
ring in  nature  as  the  mineral  tetradymite,  is  fused  with  a  mixture 
of  sodic  carbonate  and  finely  powdered  charcoal.  The  fused  mass 
yields  on  lixiviation  with  water  a  solution  of  sodic  telluride,  which, 
on  exposure  to  the  air,  deposits  tellurium  as  a  grey  powder.  The 
pulverulent  tellurium  may  be  fused  into  a  coherent  mass  under 
sodic  chloride. 

Properties. — Tellurium  is  a  silver-white  crystalline  substance 
with  a  metallic  lustre.  At  a  high  temperature  it  may  be  distilled. 
It  dissolves  in  fuming  sulphuric  acid  with  a  deep  red  colour. 

Pimction. — Wlien  heated  in  air  it  burns  with  a  blue  flame,  form- 
ing tellurous  anhydride,  TgO^- 
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COMPOUNDS  OF  TELLURIUM  WITH  HYDROGEY 
CHLORINE,  AND  OXYGEN. 

TELLURETTED  HYDROGEN. 
TeH,. 

Molecular  weight  =  127.    Molec^aaT  volume  1  litre  roeiah, 

D0"5  cr%tlis.  "' 

Preparation     Tell,^^^^^^   ],ydrogen  is  obtained  by  the  action' 
dilute  hydrochloric  acid  on  ferrous  or  zincic  telluride  :— 

ZnTe-   +    2HC1    =    TeH,    +  ZnCl, 

Zmcie  Hydrocliloric       Telluretted  Zincic 

telluride.  acid.  hydrogen.  chloride. 

i>o^^r^t.s.-TeUuretted  hydrogen  is  a  colourless  gas  of  a  foetid 
odour,  resembling  that  of  sulphuretted  hydrogen.  It  exhibits  the 
same  anomalies  of  dissociation  as  seleniuretted  hydrogen.  It  may 
1)6  Ignited  in  air,  and  burns  with  a  blue  flame,  forming  tellurous 
anhydride  and  water  : — 

TeH^    +    30    =    TeO^    +  OH^. 

Telluretted  TeUurous  Water 

hydrogen.  anhydride. 

There  are  two  chlorides  of  tellurium,  'T1q\Q\  and  TeCl^. 
.  TeUurous  Anhydride,  TeO^.—Thh  compound  is  prepared  like 
selenious  anhydride  (p.  309),  which  it  closely  resembles  in  proper- 
ties. 

Telhirous  Acid,  TeOHOg.— This  acid  is  obtained  as  a  white 
flocculeut  precipitate,  when  a  solution  of  tellurium  in  dilute  nitric 
ucid  is  poured  into  water.  It  is  decomposed  at  a  temperature  of 
-40°,  into  anhydride  and  water.  It  dissolves  more  readily  in  hydro- 
chloric acid  than  in  water.  Sulphurous  acid'  precipitates  tellurium 
I'rom  the  solution  (see  Selenious  Acid,  p.  310). 

TeUurous  acid  is  a  dibasic  acid,  forming  acid  and  normal  salts. 
Thus 

Hydric  potassic  tellurite    TeOHoKo. 

Normal  potassic  tellurite    TeOKog. 

Tetratellurites,  produced  by  the  combination  of  the  normal 
tellurites  with  tellurous  anhydride,  are  also  known:  — 
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0         0         0  0 
Dipotassic  tetra-  ||  ||  ||  || 

teUurite  ....   K— 0— Te— 0— Te— 0— Te— 0— Te— 0— K. 

Telluric  Anhydride,  TeO.^. — Telluric  anhydride  is  prepared  by 
carefully  heating  telluric  acid.  It  forms  an  orange-yellow  mass. 
When  strongly  heated  it  is  decomposed  into  tellurous  anhydride 
and  oxygen.  It  is  insoluble  in  water.  Boiling  concentrated  hydro- 
chloric acid  dissolves  it  slowly,  converting  it,  with  evolution  of 
chlorine,  into  tellurous  anhydride : — 

TeOg    +    2HC1   =    TeO^    +    OH^    +  CI,. 

Telluric         Hydrochloric      Tellurous  Water, 
anhydride.  acid.  anhydride. 

Telluric  Acid,  Te02lIo2. — In  order  to  prepare  this  compound 
tellurium  is  fused  with  a  mixture  of  caustic  potash  and  potassic 
chlorate.  The  tellurium  is  oxidised  at  the  expense  of  the  oxygen 
of  the  potassic  chlorate  to  telluric  anhydride,  which  combines  with 
the  alkaline  base  to  form-  potassic  tellurate  : — 

+    {oKo    =    ^^^3    +  ^^1- 

Potassic  Telluric  Potassic 

chlorate.        anhydride.  chloride. 

TeOg    +    2KHo    =    TeO^Ko^    +  OH^. 

Telluric  Potassic  Potassic  Water, 

anhydride.  hydrate.  tellurate. 

The  fused  mass  is  dissolved  in  water,  and  a  solution  of  baric  chlo- 
ride is  added,  when  insoluble  baric  tellurate  is  precipitated  :— 

Te02Ko2    +    BaCl^    =    TeOsBao''    +  2KC1. 

Potassic  Baric  Baric  Potassic 

tellurate.  chloride.  tellurate.  chloride. 

The  baric  tellurate  is  suspended  in  water,  and  decomposed  with 
the  exact  quantity  of  sulphuric  acid.  In  this  way  insoluble  baric 
sulphate  and  free  telluric  acid  are  formed.  On  evaporating  the 
filtered  solution,  large  colourless  monoclinic  crystals  of  hexabasic 
telluric  acid,  TeHog,  are  deposited.  On  heating  to  160°  these 
crystals  part  with  two  molecules  of  water,  yielding  dibasic  telluric 
acid,  Te02Ho2,  as  a  white  amorphous  mass. 

Telluric  acid  forms  a  series  of  somewhat  complex  salts. 
Among  the  potassium  salts,  for  example,  tellurates,  ditellurates, 
iind  tetratellurates  are  known. 
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Tetrahydric  dipotassic  tellurate  ....     TeHo  Ko  ,30 H 

fTeHo^Ko'" 
Octoliydric  dipotassic  ditellurate  0 

LTeHo^Ko" 
"TeHo^Ko 
0 

TeO^ 

Octoliydric  dipotassic  tetratellurate, .  0 

TeO^ 
0 

TeHo^Ko 


CHAPTEE  XXVIII. 

MONAD  ELEMENTS. 

Section  II  (Continued  from  Clmpter  XXII). 

BROMINE,  Biv 

Atuynic  weight  =  80.  Molecular  weight  =  160.  Molecular  vohimc, 
I  I  I-  1  litre  of  hromine  vapour  wcigM  80  eriths.  Sp.  gr.  3"  187. 
Fuses  at  —  24*5°.  Boils  at  63°.  Atomicity''.  Evidence  of 
atomicity : — 

Hydrobromic  acid   HBr. 

Potassic  bromide    KBr. 

Argentic  bromide   AgBr. 

History. — Bromine  (from  ^pa)fxo<;,  a  stench)  was  discovered  iu 
1826,  by  Balard,  in  the  mother-liquors  obtained  in  the  crystallisa- 
tion of  common  salt  from  sea-water. 

Occurrence. — Bromine  does  not  occur  m  the  free  state  in  nature. 
It  is  found  in  combination  with  metals  as  bromides,  sodic  bromide 
being  the  most  common.  This  salt  occurs  in  small  quantity  in 
sea- water,  particularly  in  the  water  of  the  Dead  Sea,  and  in  greater 
abundance  in  many  salt  springs  and  deposits  of  rock  salt.  The 
salt  mines  of  Stassfurt  furnish  20,000  kilos,  of  bromine  yearly.  ^ 

Preparation. — 1.  The  mother-liquors  of  saline  waters  contain- 
in"  bromides  are  treated  with  chlorine  as  long  as  the  colour  of  the 
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liquid  continues  to  become  darker.  In  this  way  bromine  is  liber- 
ated, and  may  be  distilled  off  and  collected  in  a  cooled  receiver  : — 

2NaBr    +    CI2    =    2¥aCl    +  Br^. 

Sodie  bromide.  Sodic  chloride. 

An  excess  of  chlorine  must  bo  avoided,  as  this  would  occasion 
the  formation  of  a  chloride  of  bromine. 

On  a  large  scale  the  mother  liquors  are  mixed  with  an  excess  of 
sulphuric  or  hydrochloric  acid,  and  a  quantity  of  manganic  peroxide 
exactly  sufficient  to  liberate  the  bromine  present  (see  Equation, 
Preparation  2)  is  added.  As  long  as  an  excess  of  the  peroxide  is 
avoided,  there  is  no  danger  of  obtaining  a  product  contaminated 
with  chlorine,  since  any  chlorine  which  might  be  liberated  would 
at  once  set  free  its  equivalent  of  bromine. 

2.  Bromine  may  also  be  obtained  from  pure  bromides,  in  a 
reaction  similar  to  that  employed  in  the  preparation  of  cliloriue,  by 
heating  them  with  sulphuric  acid  and  manganic  peroxide : — 

2NaBr    +    MnOg    +    2SO2H02    =    Bv^  + 

Sodic  Manganic  Sulphuric 

bromide.  peroxide.  acid. 

SO^Nao^    +    SO^Mno"    +  2OH2, 

Sodic  Manganous  Water, 

sulphate.  sulphate. 

Properties. — Bromine  is  a  heavy  reddish-brown  liquid,  trans- 
parent only  in  thin  layers.  Its  vapour  possesses  a  considerable 
tension  at  ordinary  temperatures.  If  a  few  drops  be  poured  into  a 
flask,  the  latter  will  be  speedily  fiUed  with  the  reddish-brown 
vapour.  At  a  temperature  of  —  24-5°  bromine  solidifies  to  a 
crystalline  mass  with  a  slight  metallic  lustre.  Bromine  has  a 
powerful  and  unpleasant  odour,  resembling  that  of  chlorine.  Its 
vapoitr  attacks  the  eyes  and  the  organs  of  respiration.  It  is  an 
irritant  poison.  When  brought  in  contact  with  the  skin,  it 
produces  dangerous  wounds. 

^  Throughout  a  considerable  range  of  temperature  above  its 
boihng  point,  bromine  has  a  vapour-density  corresponding  with  the 
molecular  formula,  Br2.  At  higher  temperatures  the  vapour- 
density  diminishes,  owing  to  a  partial  dissociation  of  the  molecules 
of  the  vapour  into  single  atoms.  This  dissociation,  which  occurs 
more  readily  than  in  the  case  of  chlorine,  but  less  readily  than  in 
the  case  of  iodine,  is  not  complete  at  1600°,  the  highest  tempera- 
lure  that  has  been  employed  in  such  determinations. 
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Bromine  is  soluble  in  about  thirty  times  its  weight  of  water  at 
ordinary  temperatures,  the  solubility  decreasing  as  the  temperaturt; 
rises.  The  solution  is  of  a  reddish  colour,  and,  when  exposed  to  a 
temperature  of  0°,  deposits  crystals  of  a  hydrate,  Br2,10OH2,  melt- 
ing at  15°.  Bromine  is  more  soluble  in  ether  and  carbonic  disul- 
phide  than  in  water,  and  when  an  aqueous  solution  is  agitated 
with  either  of  these  solvents,  the  bromine  is  extracted  from  the 
water  and  passes  into  the  new  solvent,  which  separates  from  the 
water  as  a  dark- coloured  layer,  on  allowing  the  liquid  to  stand. 

Moist  bromine  bleaches  vegetable  colours,  but  less  powerfully 
than  chlorine. 

Bromine  combines  directly  with  many  of  the  metals  to  form 
bromides.  Antimony  and  tin  inflame  spontaneously  in  the  vapour, 
and  burn  with  great  brilliancy.  Potassium  and  bromine,  when 
lirought  together  at  ordinary  temperatures,  unite,  frequently  witli 
explosion ;  but  sodium  must  be  heated  to  200°  in  contact  witli 
bromine  vapour,  before  any  action  occurs. 

HYDROBROMIC  ACID. 

HBr. 

Molecular  iveight  =  81.  Molecular  volume  1  I  I-  1  litre  of  hydro- 
hromic  acid  weighs  40'5  critlis.  Fuses  at  —  73°,  Boils  at 
-  69°. 

Preparation. — 1.  When  a  mixture  of  hydrogen  and  bromine 
vapour  is  passed  through  a  red-hot  tube,  or  when  a  mixture  of 
hydrogen  and  bromine  vapour  is  burned  in  air,  hydrobromic  acid 
is  formed  by  the  direct  combination  of  its  elements  : — 

Ha    +    Br^    =  2HBr. 

Hydrobromic 
acid. 

2.  It  may  be  obtained  by  heating  potassic  bromide  with  phos- 
phoric acid : — 

3KBr    -f    POH03    =    POK03    +  3HBr. 

Potassic  Pliosphoric  Potassic  Hydrobromic 

bromide.  acid.  phosphate.  acid. 

'  Sulphuric  acid  cannot  be  substituted  for  phosphoric  acid  in 
this  reaction,  as  a  portion  of  the  hydrobromic  acid  is  then  decom- 
posed, with  liberation  of  bromine  : — 
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SO.Ho,    +    2HBr    =    Bi^    +    2OH2    +  SO^. 

SalDiiiiric        Hyclrobromic  Water.  Sulphurous 

acid.  acid.  anhydride. 

8.  It  is  formed  by  the  action  of  water  upon  phosphorous  tri- 
bromide  or  phosphoric  pentabromide  : — 

P'"Br3    +    30H,    =    PH03    +  3HBr. 

Phosphorous  Water.  Phosphorous  Hydrobromic 

tribromide.  acid.  acid. 

PBr.    +    4OH2    =    POH03    +  5HBr. 

Phosphoric  Water.  Phosphoric  Hydrobromic 


pentabromide. 


acid.  acid. 


These  reactions  may  be  most  conveniently  applied  by  gradually 
dropping  the  requisite  quantity  of  bromine  into  water  containing 
amorphous  phosphorus.  The  bromides  of  phosphorus  are  decom- 
posed at  the  moment  of  their  formation  : — 

P    +    Brg    +    4OH2    =    POH03    +  5HBr. 

Water.  Phosphoric  Hydrobromic 

acid.  .acid. 

This  is  the  method  most  usually  employed  in  the  laboratory 
for  the  preparation  of  hydrobromic  acid. 

4.  It  may  also  be  obtained  in  aqueous  solution  by  passing  sul- 
phuretted hydrogen  through  water  containing  bromine  : — 

+    Br^    =    2HBr    +  S. 

Sulphuretted  Hydi-obromic 
hydrogen.  acid. 

Pro'perties. — Hydrobromic  acid  is  a  colourless  gas,  with  a  pun- 
gent odour.  It  fumes  strongly  in  contact  with  moist  air.  By 
means  of  pressure  and  cold  it  may  be  liquefied,  and,  when  cooled 
to  —  73°,  solidifies  to  a  colourless  crystalline  mass.  Water  absorbs 
more  than  its  own  weight  of  the  gas,  yielding  a  powerfully  acid 
liquid.  When  a  solution,  saturated  at  a  low  temperature,  is  sub- 
jected to  distillation,  the  liquid  in  the  retort  gradually  becomes 
weaker,  until  it  contains  48  per  cent,  of  hydrobromic  acid, 
when  it  distils  unchanged  between  125°  and  126°,  and  possesses  a 
specific  gravity  of  1"49  at  14".  Wlien  an  acid  containing  less  than 
48  per  cent,  is  distilled,  the  liquid  in  the  retort  gradually  becomes 
more  concentrated  till  the  above  percentage  is  attained.  This 
aqueous  solution  does  not  correspondwith  any  definite  hydrate,  and 
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its  composition  may  be  altered  by  altering  the  pressure  under 
which  the  distillation  takes  place. 

Reactions.— 1.  Chlorine  decomposes  the  acid  with  liberation  of 
bromine  : — 

2HBr    +    CI,    =    2HC1    +  Br,. 

Hydrobromic  Hydrochloric 
acid.  acid. 

2.  By  the  action  of  atmospheric  oxygen  a  smaU  quantity  of 
bromine  is-  liberated  from  liydrobromic  acid  in  aqueous  solution, 
but  the  decomposition  i&  soon  arrested  : — 

4HBr    +    0,    =    2OH2    +  2Br2. 

Hydrobromic  acid.  Water. 

3.  In  contact  with  metallic  oxides  and  hydrates  bromides  are 
formed.  Argentic  bromide,  AgBr,  and  mercurous  bromide,  'Hg'gBr  , 
are  insoluble  in  water,;  jjlumbic  bromide,  PbBr,,  is  sparingly 
soluble  ;  all  the  other  bromides  dissolve  readily. 

COMFOUNBB  OF  BROMINE  WITH  OXYGEN  AND 

HYDROXY!. 


Hypobromous  acid   OBrH. 

rOBr 

Bromic  acid  <^  0 


The  graphic  formuhe  of  these  compounds  are  analogous  to  those 
of  the  coQTesponding  chlorine  compounds,  given  on  page  179. 

HYPOBROMOUS  ACID. 

OBrH. 

Preparation. — An  aqueous  solution  of  this  very  unstable  com- 
pound may  be  obtained  by  agitating  mercuric  oxide  with  bromine- 
water  : — 

fHgBr 

2HgO    -f    OH,    +    2Br2    =    20BrH    -j-  0 

iHgBr 

Mercuric  Water.  Hypobromoiia  Mercuric 

oxide.  acid.  osybroniide. 

The  corresponding  anliydride,  OBr.^,  has  not  been  prepared. 
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rOBr 
tOHo- 

Prepctration. — Bromic  acid  is  best  prepared  by  decomposing  a 
solution  of  baric  bromate  with  the  requisite  quantity  of  sulphuric 
acid : — 


■QBr 

0 


,  rOBr 


<;  Bao'^  +    SO2H02  =    2^gg'^  +  S02Bao': 
LOBr 

Baric  Sulphuric  Bromic  Baric 

bromate.  acid.  acid.  sulphate. 

The  aqueous  solution  may  be  concenti-ated  in  vacuo  till  it  con- 
tains 1  molecule  of  acid  to  7  of  water.  Beyond  this  point  it  is 
decomposed  into  water,  bromine,  and  oxygen.  The  same  decom- 
position takes  place  when  the  dilute  solution  is  boiled  : — 

=    2Br,    +    20H,    -h  50,. 

Bromic  acid.  Water. 

Bromic  acid  closely  resembles  chloric  acid  in  its  properties. 
Preparation  of  Bromates. — 1.  When  bromine  is  added  to  a 

solution  of  a  metallic  hydrate  a  mixture  of  bromate  and  bromide 

is  formed : — 

6KH0    -f    SBr,    =    SKBr    -f  +  SOH,. 

Potassic  Potassic  Potaasic  Water, 

hydrate.  bromide.  bromate. 

The  potassic  bromate  is  much  less  soluble  than  the  bromide, 
and  may  be  separated  from  it  by  crystallisation. 

2.  Potassic  bromate  is  also  formed  when  bromine  is  added  to  a 
solution  of  potassic  hydrate  or  carbonate,  and  chlorine  is  passed 
into  the  liquid : — 

6KH0    -f-    Br    +    5C1  oKCl    +    |^|'^  +  SOH,. 

I*otassic  Potassic  Potassic  Water, 

hydrate.  chloride.  bromate. 

In  this  way  the  whole  of  the  bromine  is  converted  into  bromate. 

Character  of  the  Promates.— Some  of  the  bromates,  when  heated, 
lose  oxygen,  and  are  transformed  into  bromides : — 
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"OBr 

OKo 

Potassic 
bromate. 


=    2KBr    +  30, 

Potassic 
bromide. 


Others  evolve  bromine  and  a  portion  of  their  oxygen,  leaviiKv 
nietallic  oxides : —  ° 


"OBr 
0 

2^  Mgo" 

\^ 
LOBr 

Magnesic 
bromate. 


=    2MgO    +    2Br,  + 


Magnesic 
oxide. 


>0. 


i 


IODINE,  I2. 

Atomic  weight  =  127.  Moleculai-  weiylit  =  254.  Molecular  volume 
LU  .  1  litre  of  iodine  vapoitr  lociglis  127  criths.  Sp.  gr.,  4-95. 
Fuses  at  114°.  Boils  above  200°.  Atoinicity'*  Evidence  of 
atomicity : — 

Hydriodic  acid   HI.  t 

Potassic  iodide   KJ. 

Argentic  iodide   Awl 

History. —Iodine  was  discovered  in  1812  by  Courtois  in  the 
mother-liquors  of  soda  prepared  from  the  ashes  of  sea-weed.  The 
hrst  thorough  investigation  of  its  properties  is  due  to  Gay-Lussac. 

Occurrence. — Iodine  is  always  found  in  combination  witli 
metals,  generally  associated  with  chlorine.  In  this  form  it  occurs 
in  small  quantities  in  some  mineral  springs  and  in  sea-water,  from 
which  last  it  is  absorbed  in  larger  quantity  by  various  kinds  of 
sea- weed,  from  these  the  iodine  of  commerce  is  obtained.  It  has 
also  been  detected  in  some  marine  animals,  such  as  sponges  and 
oysters.    The  iodides  of  silver  and  lead  occur  as  rare  minerals. 

Manufacture. — Sea-weed  is  burned  in  pits,  the  temperature 
being  kept  as  low  as  possible  in  order  to  prevent  loss  from  volati- 
lisation of  the  salts  of  iodine.  The  ash  thus  obtained  is  known  as 
Icelp.  The  soluble  salts,  consisting  of  alkaline  carbonates,  sulphates, 
chlorides,  bromides,  and  iodides,  are  extracted  from  the  ash  with 
water.    The  sohition  is  evaporated,  and  the  carbonates,  sulphates, 


*  See,  howerer,  Pcriodatcs. 
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and  chlorides  are  removed  by  crystallisation.  To  the  mother- 
liquor,  containing  the  bromides  and  iodides,  sulphuric  acid  is  added, 
which  causes  a  separation  of  sulphur,  owing  to  the  presence  of 
sulphides  and  sulphites.  The  sulphur  and  crystals  of  sulphate 
are  removed,  and  the  liquid  is  transferred  to  a  large  iron  retort  A 
(Fig.  43),  lined  with  lead.  Heat  is  applied  and  manganic  peroxide 
is  added  in  small  portions  at  a  time.  Iodine  is  thus  liberated 
according  to  the  equation : — 

2NaI    +    MnOa    +    2SO2H02    =  S02N'ao2 

Sodic  Manganic  Sulphuric      ,  Soclic 

iodide.  oxide.  acid.  sidphate. 

4-    S02Mno''    +    I2    +  2OH2. 

Manganous  sulphate.  Water. 

.  and,  distilling  over,  is  condensed  in  a  series  of  stoneware  receivers, 
bib,  fitting  one  into  the  other  as  in  the  figure. 


FiQ.  43. 


^Vhen  tlie  iodine  ceases  to  distil  over,  the  receiver  is  changed,  and 
more  manganic  peroxide  is  added.  This  liberates  the  bromine, 
^vhich,  on  account  of  its  superior  affinity  for  hydrogen  and  bases,  is 
yiven  off  later  than  the  iodine  (see  equation,  p.  322).  The  bromine 
is  distilled  off  and  collected. 

Sometimes  the  dried  sea-weed  is  carbonised  in  retorts  and  the 
i-esultmg  charcoal  lixiviated  with  water.  In  this  way  the  loss  of 
iodine  by  volatHisation  is  avoided ;  but,  on  the  other  hand,  it  is 
found  impossible  to  extract  the  whole  of  the  iodine  salts  from  the 
charcoal. 

i^roperties.—lodme  forms  bluish-black  tabular  rhombic  crystals, 
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With  a  metallic  lustre  It  possesses  a  pecuHar  and  irritating  odour 
distantly  resembling  that  of  chlorine.  When  heated,  it  gives  off  a 
vapour  of  a  magnificent  violet  colour  G^ence  the  name  of  this 
element,  from  .oecS^,  violet-coloured).  At  higher  temperatures  and 
when  free  from  admixture  of  air,  this  vapour  assumes  a  deep  blue 
tmt^  The  vapour  possesses  a  characteristic  absorption-spectrum 

ihe  vapour-density  of  iodine  at  temperatures  up  to  700°  cor 
responds  with  the  molecular  formula  I,.    Above  this  temperature" 

I  inn?^'°^''^'''''*^  ^"^i^isl^es  as  the  temperature  rises,  till  at 

II  't'l  less  than  two-thirds  of  the  vapour-densitv 
below  700  This  diminution  is  due  to  a  partial  dissociation  of 
the  molecules  of  iodine  into  free  atoms.  If  the  iodine  vapour  be 
mixed  with  four-fifths  of  its  volume  of  air,  in  order  to  reduce  the 
pressure  of  the  iodine  vapour  and  thus  increase  tlie  dissociation 
the  vapour-density  of  the  iodine  at  1400°  is  only  half  as  great  as 
at  700° :  that  is  to  say,  the  vapour-density  corresponds  with  the 
molecular  formula  I,  and  the  iodine  vapour  at  that  temperature  is 
mon-atomic.  At  temperatures  above  1400°  no  further  diminution 
occurs  under  these  circumstances. 

Iodine  is  very  slightly  soluble  in  water,  but  dissolves  readdy 
in  presence  of  hydriodic  acid  or  of  soluble  iodides.  Alcohol  dis- 
solves it  more  freely,  whilst  in  ether,  chloroform,  and  carbonic 
disulphide,  it  is  very  readily  soluble.  The  aqueous,  ethereal,  and 
alcoholic  solutions  are  brown ;  those  in  chloroform  and  carbonic 
disulphide  are  violet. 

The  smallest  trace  of  free  iodine  imparts  to  starcli  paste  a 
splendid  blue  colour,  which  disappears  on  heating,  but  returns, 
although  with  diminished  intensity,  on  subsequent  cooling. 

Reactions. — 1.  Iodine  is  expelled  by  chlorine  and  bromine  from 
all  its  compounds  with  electro-positive  elements  : — 

2KI    -I-    G\    =    2KC1    +  \. 

Potassic  iodide.  Potassic  cliloride. 

2KI    +    Br^    =    2KBr    +  I^. 

Potassic  iodide.  Potassic  bromide. 

2.  With  a  solution  of  calcic  hydrate,  iodine  yields  a  liquid 
whicli  bleaches  in  alkaline  solution,  and  therefore  probably  con- 
tains calcic  iodohypiodite : — 

CaHo2    -(-12    =    Ca(OI)I    +  OH^. 

Calcic  Calcic  Water, 

hydrate.  iodohypiodite. 
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The  bleaching  powe.  duninishe,  gradually  on^tandi„g  and  more 

nn  boilin<T  or  by  exposure  to  light.     Wlaen  tne  Dieaomu^ 
;^^tX:t^^^^^      the  solution  contains  only  a  naxxture  ot 

-tals  and  non-metals,  the  pro- 
<.ess  of  combination  being  frequently  accompanied  with  evolution 
o  heat  and  light.  Phosphorus  ignites  when  brought  into  contact 
^ith  solid  iodine,  and  powdered  antimony,  when  thrown  into 
iodine  vapour,  bursts  into  flame. 

HYDRIODIC  ACID. 

HI. 

Molemlccr  weight  =  128.     Molecular  volume  CD-     1  Utre  of 
hydriodic  acid  weighs  64  criths.    Fuses  at  -  55°. 
Preparation.— I.  Hydriodic  acid  is  formed  by  the  direct  union 
of  its  elements  when  a  mixture  of  iodine  vapour  and  hydrogen  is 
passed  through  a  red-hot  tube  or  over  spongy  platinum  gently 

iieated : —  ^ 

H2    +    I2    =  2HI. 

2.  It  is  formed  when  an  iodide  is  heated  with  phosphoric 
a,cid : — 

3KI    +    POH03    =    3HI    +  POK03. 

Potassic         Phoaplioric        Hydriodic  Potassic 
iodide.  acid.  acid.  phosphate. 

Sulphuric  acid  cannot  be  substituted  for  phosphoric  acid  in  this 
reaction,  as  it  liberates  iodine  from  hydriodic  acid : — 

2HI    +    SO2H02    =    I2    +    SO,    +  2OH2. 

Hydriodic  Sulphuric  Sulphui-ous  Water, 

acid.  acid.     .  anhydride. 

An  aqueous  solution  of  hydriodic  acid  may  however  be  prepared 
by  decomposing  a  solution  of  baric  iodide  with  the  exact  quantity 
of  dilute  sulphuric  acid,  the  sulphuric  acid  being  in  this  case 
immediately  withdrawn  from  the  reaction  in  the  form  of  insoluble 
baric  sulphate. 

3.  It  is  also  formed  by  decomposing  phosphorous  triiodide  by 
water : — 

PI3    +    3OH2    =    PH03    +  3HL 

Phosphorous        Water.  Phosphorous  Hydriodic 

triiodide.  acid.  acid. 
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4  It  may  be  prepared  by  heating  together  water,  potassie 
iodide,  iodine,  and  amorphous  phosphorus :  

4KI  +       +  51,  +  80H,  =  14HI  +  2POHoKo, 

Hydricdipotassic 

'  acid.  phosphate. 

An  aqueous  solution  of  hydriodic  acid  prepared  by  Method  5 
(see  below)  may  be  advantageously  substituted  for  the  solution  of 
potassie  iodide  in  the  above  reaction.  The  amorphous  phosphorus 
is  placed  in  a  retort  with  the  neck  sloped  slightly  upwards,  and  a 
solution  of  2  parts  of  iodine  in  1  part  of  aqueous  hydriodic  acid 
(b.  p.  127°)  is  allowed  to  drop  gradually  through  the  tubulure  from 
a  stoppered  funnel.  Gaseous  hydriodic  acid  is  evolved  in  a  steady 
stream.  When  the  action  begins  to  slacken,  a  gentle  heat  may  be- 
applied. 

5.  A  solution  of  hydriodic  acid  may  be  readily  obtained  by 
passing  sulphuretted  hydrogen  through  water  in  which  iodine  i& 
suspended : — 

2SH2    +    2I2    =    4HI    +  S2. 

Sulphuretted  Hydriodic 
hydrogen.  acid. 

As  the  reaction  proceeds  the  unattacked  iodine  dissolves  in  the 
aqueous  hydriodic  acid  and  facilitates  the  decomposition. 

Properties. — Hydriodic  acid  is  a  colourless  gas,  fuming  in  con- 
tact with  moist  air,  and  possessing  a  pungent  odour.  At  a  tem- 
perature of  0°  and  under  a  pressure  of  4  atmospheres,  it  condenses 
to  a  colourless  liquid  which  solidifies  at  —  55°. 

It  is  readily  decomposed  by  heat.  A  hot  glass  rod  plunged 
into  a  vessel  filled  with  the  gas,  causes  the  immediate  separation 
of  violet  vapours  of  iodine. 

It  is  readily  absorbed  by  water,  forming  a  strongly  acid  liquid. 
A  solution  saturated  at  0°  has  a  sp.  gr.  of  2.  Aqueous  hydriodic 
acid  behaves  on  distillation  like  hydrochloric  and  liydrobromic 
acids  (g'.u).  The  strongest  acid  obtainable  by  distillation  has  a 
sp.  gr.  of  1'67,  contains  57*7  per  cent,  of  hydriodic  acid,  and  boils 
at  127°.  "When  a  weaker  or  a  stronger  acid  is  distilled,  the  com- 
position of  the  distillate  gradually  becomes  stronger  or  weaker 
until  an  acid  of  the  above  strength  and  boiling-point  distils  over 
unchanged.  This  acid  does  not  correspond  with  any  definite  hydrate 
and,  as  in  the  case  of  hydrochloric  and  hydrobromic  acids,  the 


HYDRIODIC  ACID. 


325 


composition  of  the  distillate  may  be  made  to  vary  by  varying  the 
pressure  under  which  distillation  takes  place. 

The  aqueous  solution  when  pure  is  colourless,  but  in  contact 
with  the  oxygen  of  the  air,  it  rapidly  becomes  brown  from  separa- 
tion of  iodine,  which  dissolves  in  the  aqueous  acid  : — 

4HI    +    O2    =    2OH2    +  21.2. 

Hydriodic  acid.  Water. 

Oxidising  agents  have  a  similar  action.  Owing  to  this  property  of 
readily  parting  with  its  hydrogen,  hydriodic  acid  is  frequently  em- 
ployed as  a  reducing  agent,  particularly  at  higher  temperatures 
and  in  the  case  of  organic  substances. 

Reactions. — 1.  Chlorine  and  bromine  decompose  hydriodic  acid, 
liberating  iodine : — 

2HI    +    CI2    =    2HC1    +  I2. 

Hydriodic  Hydrochloric 
acid.  acid. 

2.  Mercury  rapidly  decomposes  it,  with  liberation  of  hydro- 
2HI    -f-    2Hg    =    'Hg',!^    -t-  H^. 

Hydriodic  Mercurous 
acid.  iodide. 

o.  With  metallic  oxides,  hydrates,  and  some  salts,  it  forms 
iodides.    Even  argentic  chloride  is  transformed  by  hydriodic  acid 
.  into  argentic  iodide : — 

AgCl    +    HI    =    Agl    +  HCl. 

Argentic       Hydriodic      Argentic  Hydrochloric 
chloride.  acid.  iodide.  acid. 

Iodides. — The  iodides  closely  resemble  the  chlorides  and  bro- 
mides. Argentic  iodide,  Agl,  mercurous  iodide,  'Hg'212,  mercuric 
iodide,  Hgig,  and  cuprous  iodide,  'Cu'gia,  are  insoluble  in  water ; 
plumbic  iodide,  Vhl^,  dissolves  very  slightly ;  the  other  iodides  are 
readily  soluble. 


COMPOUNDS  OF  IODINE  WITH  CHLORINE. 

Hypiodous  chloride   ICl. 

lodous  chloride    ICI3. 

These  compounds  are  formed  by  the  direct  union  of  their 
elements. 
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HYPIODOUS  CHLORIDE. 

ICl. 

Molecular  weight  =  162-5.    Fuses  at  24'7°.    Boils  at  101°. 

Preparation. — This  compound  is  obtained  by  passing  dry  chlo- 
rine over  iodine,  interrupting  the  operation  as  soon  as  the  whole 
of  the  iodine  has  liquefied.  The  reddish-brown  liquid  thus  obtained 
solidifies  on  standing. 

Properties. — Hypiodous  chloride  forms  large  prismatic  crystals, 
of  a  hyacinth-red  colour.  I 

Reaction. — Water  decomposes  it  with  formation  of  iodic  acid,, 
hydrochloric  acid,  and  free  iodine  : —  , 

5IC1    +    3OH2    =  +    5HC1    +    2I2.  * 

Hypiodous  Water.  Iodic  Hydrocliloric 

chloride.  acid.  acid. 

lODOUS  CHLORIDE. 

ICI3. 

Molecular  weight  =  233 '5. 

Preparation. — lodous  chloride  is  formed  by  the  action  of  an 
excess  of  chlorine  upon  iodine  or  upon  the  foregoing  compound. 

Properties. — It  forms  long  yellow  crystals  which  sublime  at 
ordinary  temperatures.  It  fuses  at  20 — 25°  with  dissociation  into 
hypiodous  chloride  and  free  chlorine. 

Reaction. — With  water  it  is  decomposed,  yielding  the  same 
products  as  hypiodous  chloride  (see  preceding  compound) : — 


+    90H,    =  +    15HC1    +  I2. 


lodous  Water.  Iodic  acid.  Hydrochloric 

chloride.  acid. 


COMPOUNDS  OF  IODINE  WITH  OXYGEN  AND 


HYDROXYL. 


Iodic  anhydride 


roi 
0 
0 
0 
01 
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Iodic  acid  

Periodic  acid  
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roi 

lOHo- 

OI 
0  . 
OHo 


The  graphic  formula  of  these  compounds  are  analogous  to 
those  of  the  corresponding  chlorine  compounds  given  on  p.  179. 

IODIC  ANHYDRIDE. 

fOI 

I  0 

I2O5  or  <<;  0  . 

I  0 

LOI 

Freparation.— This  compound  is  formed  when  iodic  acid  is 
heated  to  170° :— 

0 

+  -<;  0    +  OH2. 
0 

LOI 

Iodic  Water, 
anhydride. 

Properties.— Iodic  anhydride  is  a  wliite  crystalline  powder  pos- 
sessing a  sp.  gr.  of  4-48. 

Eeactions.—l.  When  heated  to  300°  it  is  decomposed  into 

iodine  and  oxygen. 

2.  Gaseous  hydrochloric  acid  decomposes  it  with  elevation  of 
temperature,  iodous  trichloride  and  water  being  formed,  and 
chlorine  liberated: — 


,  roi 

^lOHo 


Iodic 
acid. 


I2O5 


+    lOHCl    =    2ICI3    +    5OH2    +  2CI2. 

Iodic         Hydrochloric         Iodous  Water, 
anhydride.  acid.  trichloride. 

3.  It  dissolves  in  water  forming  iodic  acid. 

IODIC  ACID. 

roi 

\OHo- 

Preparation.—!.  Iodic  acid  may  be  obtained  by  decomposing  a 
solution  of  baric  iodate  with  the  equivalent  quantity  of  sulphuric 
acid : — 
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01 

0 

Bao" 
0 

Baric 
iodate. 


+ 


Sulphuric 
acid. 


Iodic 
acid. 


+  SO,Bao' 


Baric 
sulphate. 


The  aqueous  solution  of  iodic  acid  may  be  evaporated  at  100^ 
without  decomposition. 

2.  It  is  best  prepared  by  oxidising  iodine  with  strong  bonin- 
nitric  acid: —  °  ° 


Nitric 
acid. 


Iodic 
acid 


Water. 


Nitrous 
anhydride. 


Nitric 
peroxide. 


3.  It  is  also  formed  when  chlorine  is  passed  into  water  in 
which  finely  powdered  iodine  is  suspended  :— 


I2    +    6OH2  + 
Water. 


5C1,    =  2 


roi 

tOHo 

Iodic  acid. 


+  lOHCl. 

Hydrochloric 
acid. 


Froperties.— Iodic  acid  forms  colourless  rhombic  crystals  of 
sp.  gr.  4-629.  It  is  very  soluble  in  water.  At  a  temperature  of 
170°  it  gives  off  water,  and  is  converted  into  anhydride. 

Beactions.—l.  In  contact  with  hydriodic  acid  it  forms  water 
and  iodine : — 


roi 

tOHo 

Iodic  acid. 


+    5H1    =    30H,  + 


Hydriodic 
acid. 


2 

Water. 


2.  It  is  reduced  by  many  other  deoxidising  agents : — 


^tOHo 

Iodic  acid. 


2|OI 
"'lOHo 

Iodic  acid. 


+     5SH2  = 

Sulphuretted 
hydrogen. 


I2    +    5S    +  6OH2, 
Water. 


+    5S0o    +    40H,    =    I,    +  5SOHo, 


Sulphurous 
anhydride. 


Water. 


Sulphuric 
acid. 


Pre2oaration  of  lodates. — lodates  may  be  obtained  by  the  fol- 
lowing methods : — 


qoq 
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1.  By  treating  solutions  of  metaUic  hydrates  with  iodine,  and 
separating  the  iodate  by  crystallisation : — 

6KH0    +    31,    =    5ia    +    {g^,    +  30H,. 

Potassic  •  Potassic  Potassic  Water, 

hydrate.  iodide.  lodate. 

2.  By  dissolving  iodine  in  potassic  hydrate  and  treating  the 
mixtiu-e  with  chlorine : — 

12KH0  +  I,  +  5C1,  =  lOKCl  +  ^{qKo  + 

Potassic  Potassic  Potassic.  Water, 

hydrate.  cliloride.  lodate. 

In  this  way  the  whole  of  the  iodine  is  converted  into  iodate. 

3.  By  heating  together  potassic  chlorate  and  iodine :— 

Potassic  Hypiodous  Potassic 
chlorate.         chloride.  iodate. 

Charade,?  of  lodates.— The  iodates  are  nearly  all  insoluble  in 
water :  those  of  the  alkalies  are  the  most  soluble. 

Iodic  acid,  though  a  monobasic  acid,  forms  hyper-acid  salts. 
Thus  in  the  case  of  potassium,  the  following  salts  are  known  :— 

.  .  ,  roi 

Normal  potassic  iodate  S  OKo' 

.  ,  roi  roi 

Acid  potassic  iodate  ^  OKo'    1  OHo" 

Di-acid  potassic  iodate   |^OKo'  ^{^OHo' 

All  the  iodates  are  decomposed  by  heat.  Some  break  up  into 
iodides  and  oxygen,  others  into  metallic  oxides,  iodine,  and 
oxygen : — 

{8ko  =  1^1+30. 

Potassic  Potassic 
iodate.  iodide. 


01 

0 

Mgo"    =    MgO    +    I2    +  50. 


0 

^01 

Magnesic  iodate.    Magnesic  oxide. 
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PERIODIC  ACID. 

roi 

LOHo 

Preparation.— 1.  Periodic  acid  is  obtained  by  decomp 
plumbic  periodate  with  sulphuric  acid  :— 


osing 


OI 

0 
0 

^  Pbo" 
0 
0 

Plumbic 
periodate. 


+      SO2HO2  = 


Sulphuric 
acid. 


roi 

LOHo 


Periodic 
acid. 


+  SO^Pbo". 


Plumbic 
sulphate. 


2.  Argentic  periodate  is  decomposed  on  boiling  with  water  into 
an  insoluble  basic  salt  of  the  formula  lO^HAg^.OHa  and  free  per- 
iodic acid : — 


roi 

2^  0 

LOAgo 

Argentic 
periodate. 


+    2OH2    =    I05HAg2,OH2  + 


Water. 


Basic  argentic 
periodate. 


The  periodic  acid  remains  in  solution  and  may  be  obtained  on 

01 

0  ,20H2. 
OHo 

3.  It  is  also  formed  when  iodine  is  added  to  an  aqueous  solu- 
tion of  perchloric  acid : — 


evaporation  in  crystals  of  the.  formula  -< 


roci  roi 

2^  0         -^     I2    =    2^  0 
[  OHo  LOHo 

Perchloric  Periodic 
acid.  acid. 

Properties. — Normal  periodic  acid,  <  0 

OHo 


+  CL 


,  has  not  been  ob- 


tained. The  crystals  which  are  formed  when  an  aqueous  solution 
of  the  acid  is  evaporated,  contain  two  molecules  of  water  of  crys- 
tallisation, which  they  retain  at  100°.    They  fuse  between  130° 
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and  136°  and  are  slowly  converted  into  iodic  anhydride,  oxygen, 
'and  water.    At  200°  this  change  takes  place  rapidly. 

Preparation  of  Periodates.-l.  Sodic  periodate  may  he  pre- 
pared hy  passing  chlorine  through  mixed  solutions  of  sodic  hydrate 
and  sodic  iodate : — 

roi 

191     +   2NaHo  +  CI,  =  ^  0         +   OH,  +  2NaCl. 


joNao 

Sodic 
iodate. 


Sodic 
hydrate. 


_ONao 

Sodic 
periodate. 


Water. 


Sodic 
chloride. 


2.  A  basic  haric  periodate  may  he  obtained  by  heating  baric- 
iodate : — 

fOI 

"OI  0 

0  0 
o<  Bao"    =  Bao",4BaO 

0  0 

01  0 

Basic  baric 
periodate. 


-\-    41,    +  90. 


Baric 
iodate. 


This  basic  baric  periodate  is  not  decomposed  at  a  red  heat,  whereas- 
the  other  periodates  part  with  their  oxygen  at  this  temperature. 

Character  of  the  Feriodates.  Atomicity  of  Jorftwe.— Periodic  acid  forms  a 
series  of  remarkably  complex  salts,  the  classification  of  which  is  attended  with  some 
difficidty.  Their  constitution  may,  however,  be  readily  explained  on  the  supposition, 
that,  in  this  acid,  iodine  possesses  the  character  of  a  heptad.  Of  course  this  would 
iuTolve  the  assumption  that  iodine  is  pentadic  in  iodic  acid,  and  triadic  in  iodous 
trichloride,  whilst  an  extension  of  these  atomicities  to  chlorine  and  bromine  would 
be  unavoidable.  As,  however,  in  these  elements  the  monadic  character  is  by  far  the 
most  prominent,  it  has  been  thought  advisable  to  adhere  for  the  present  to  this 
classification.  Future  investigation  may  establish  their  polyadic  character.  In  this 
connection,  it  is  worthy  of  note  that  electronegative  elements  exhibit  as  a  rule  a  more 
polyadic  character  in  their  combinations  with  oxygen  than  in  their  combinations- 
with  hydrogen  and  metals. 

The  following  table  contains  a  list  of  the  periodic  acids  and  their  salts,  formu- 
lated both  with  heptadic  and  with  monadic  iodine,  showing  the  greater  simplicity 
resulting  from  the  former  method.  The  names  of  those  periodic  acids  which  are 
known  only  in  the  fonn  of  their  salts,  are  enclosed  within  brackets : — 
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Name  of  compound. 

(Monob&,sic  periodic  acid)   

(Tribasic  periodic  acid)   ,  ] 

Pentabasic  periodic  acid  

(Tetrabasic  anhy drop  erio die  acid)  . .  . . 

(Octo basic  anhydroperiodic  acid)  . .  . . 

Potassie  periodate  

Triargentic  periodate  

Triplumbic  periodate   | 

Pentargentic  periodate  

Trihydric  diargentic  periodate   

Pentabaric  periodate  

Tetrargentic  anhydroperiodate   

Tetrazincic  anhydrojjeriodate  , . 


With  Jvii. 


IO3H0 
lOoHc, 
lOko; 
IO,Ho2 
0  ' 

lOoHoo 
lOHo/ 
O 

IOH04 
IO3Z0 

lOjAgO;) 

lOAgo5 
lOHo3Agoo 

jQBao  '5 

lOgAgOa 
O 

lO-iAgoo 
IOZho"; 
O 

IOZno"2 


With  I'. 


'^CjlHo 

'^0"3lHo,OH., 

'^0"3lHo,20H2 

2'vO"8THo,OE2 


2'vo"3lHo.30Hj 

'"CjIZo 

'vCglAgcOAg. 

'^0"..T 

ivQ„-*jPbo",2PbO 

'^0"3lAgo,20Ag2 
2'-0"3lAgo,OAg2.30H, 

ivQ"  r 

i^Q„='jBao",4BaO 


2'vO"3TAgo,OAg2 

ivO"  T 

i»Q//^jZno",.SZnO 


The  periodates  are,  as  a  rule,  only  sparmgly  soluble  in  water. 


FLUORINE,  ^2  ? 

Ato7niG  weight  =  19.     Molecular  weight  =  38  (?).  Atomicity'. 
JEvidencc  of  Atomicity : — 

Hydrofluoric  acid   HF. 

Occiorrence. — Fluorine  occurs  in  nature  in  combination  witli 
metals  as  fluorides.  The  most  common  of  these  is  calcic  fluoride 
or  fluorspar,  CaFg,  known  also  as  Derbyshire  spar.  Cryolite,  a 
mineral  occurring  in  Greenland,  is  a  double  fluoride  of  sodium  and 
aluminium,  possessing  the  formula  ■'Ar"2Fg,6N'aF.  Fluorine  also 
occurs  in  small  quantity  in  various  other  minerals,  such  as  apatite, 
topaz,  &c.  In  the  animal  kingdom  it  has  been  found  in  minute 
traces  in  the  enamel  of  the  teeth  and  in  the  bones. 

Attempts  to  isolate  Fluorine. — Little  is  known  of  fluorine  in  the 
free  state.  So  great  is  the  affinity  of  this  element,  that  as  soon  as 
it  is  expelled  from  one  combination,  it  enters  into  another.  Its 
isolation  has  from  time  to  time  been  announced,  but  a  repetition 
of  the  experiments  by  other  investigators  has,  till  lately,  failed  to 
confirm  the  supposed  results.    Argentic  fluoride  is  decomposed  at 
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a  red  heat  by  chlorine,  bromine,  or  iodine,  with  formation  of  a 
chloride,  bromide,  or  iodide  of  sHver ;  but  the  liberated  fluorine  in- 
stantly combines  with  the  material  of  which  the  vessels  employed 
in  the  experiment  are  composed.  Vessels  of  glass,  silver,  gold, 
platinum,  and  graphite  have  been  tried,  but  without  success.  In  like 
manner  in  the  electrolysis  of  fused  fluorides,  the  fluorine  combines 
with  the  material  of  the  positive  electrode. 

The  attempt  to  employ  vessels  of  fluorspar  in  the  above  decom- 
positions has  proved  unsuccessful. 

Latterly,  however,  Brauner,  in  heating  eerie  tetrafluoride,  has 
found  that  it  is  converted  into  diceric  hexafluoride,  whilst  a  gas  is 
evolved  which  smells  like  chlorine,  and  liberates  iodine  from 
potassic  iodide.  The  reaction  probably  occurs  according  to  the 
ec[uation : — 

Ceric  Diceric 
tetrafluoride.  hexafluoride. 


COMPOUND  OF  FLUORINE  WITH  HYDROGEN. 

HYDROFLUORIC  ACID. 

HF. 

Molecular  vjeight  =  20.*    Molecular  volume  CD .    1  litre  weighs 
10  criths.    Boils  at  19-4.°    Sp.  gr.  of  liquid  0-9875  at  13°. . 

Frepctration. — 1.  Hydrofluoric  acid  may  be  obtained  by  heating 
calcic  fluoride  or  cryolite  with  concentrated  sulphuric  acid  in  a 
leaden  or  platiaum  retort  (Tig.  44),  which  is  connected  with  a 
U-tube  of  the  same  metal : — 

-CaF^    +    SO2H02    =    2HF    +  SO^Cao". 

Calcic  Sulphuric        Hydrofluoric  Calcic 

fluoride.  acid.  acid.  sulphate. 

*  Kletzinsky  has  found  that  hydrofluoric  acid  at  a  temperature  just  above  its 
boiling  point  possesses  a  vapour-density  corresponding  with  the  molecular  weight  40, 
and  therefore  with  the  molecular  formula  H2F2.  MaUet,  experimenting  at  a  tem- 
perature of  25°,  arrived  at  the  same  result.  The  vapour-density  at  these  tempe- 
ratures is  twice  as  great  as  at  100°,  at  which  temperature  it  corresponds  as  above  with 
the  formula  HP.  The  existence  of  such  a  molecule  as  H2F2  could  best  be  accounted 
for  on  the  supposition  that  fluorine  is  a  triad  in  this  compound,  thus  :  H — P— P — H. 
This  view  finds  further  support  in  the  existence  of  a  hydric  potassic  fluoride,  which 
woidd  thus  be  formulated  :  H — P=:F — K.  The  greater  molecular  weight  of  hydi-o- 
fluoric  acid  at  lower  temperatures  accounts  also  for  the  relatively  liigh  boiling  point 
of  this  acid  as  compared  with  the  other  hydracids. 
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Fig.  44. 


A  very  concentrated  acid  distils  over  and  condenses  in  the  U-tube, 
which  is  cooled  by  a  freezing  mixture.  If  an  aqueous  solution  is 
required,  the  acid  may  be  passed  at  once  into  water. 

2.  In  order  to  obtain  a  perfectly  anhydrous  acid,  the  double 
fluoride  of  hydrogen  and  potassium  (HF,KF),  which  must  be  pre- 
viously fused  in  order  to  free  it  from  the  last  traces  of  moisture,  is 
heated  in  a  platinum  retort.  The  condenser  and  receiver  must 
also  be  of  platinum.  The  anhydrous  hydrofluoric  acid  distils  over, 
whilst  potassic  fluoride  remains  behind  in  the  retort.  The  conden- 
sation is  effected  by  means  of  a  freezing  mixture,  and  great  care  is 
required  in  performing  the  operation,  owing  to  the  dangerous  pro- 
perties of  the  anhydrous  acid. 

Properties. — Anhydrous  hydrofluoric  acid  is  a  colourless,  mobile 
liquid  which  fumes  strongly  in  contact  with  the  air.  It  may  be 
cooled  to  —  34^  without  solidifying.  Water  absorbs  the  gaseous 
acid  readily,  forming  a  solution  which,  when  saturated,  possesses  a 
sp.  gr.  of  1"25.  This  solution  gives  off  a  portion  of  its  acid  on  dis- 
tillation until  the  sp.  gr.  has  decreased  to  1'15,  when  it  distils  un- 
changed at  120°,  and  contains  from  36  to  38  percent,  of  anhydrous 
acid.  This  acid  of  constant  boiling  point  does  not  correspond  with 
any  definite  hydrate. 

The  concentrated  acid  when  brought  in  contact  with  the  skin 
produces  dangerous  wounds  which  are  very  difiicult  to  heal.  The 
vapour  of  the  anhydrous  acid  when  inhaled  has  been  known  to 
prove  fatal. 

Reactions. — 1.  Aqueous  hydrofluoric  acid  dissolves  many  of 
the  metals  with  evolution  of  hydrogen  and  formation  of  fluo- 
rides : — 

Fe    +    2Hr    =    Per2    +  Hg. 

Hydrofluoric  Ferrous 
acid.  fluoride. 
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2.  It  acts  upon  silicic  anhydride  and  silicates,  forming  silicic 
fluoride  and  water  :— 

SiOa    +    4HF    =    SiF^    +  2OH2. 

Silicic         Hydrofluoric        Silicic  Water, 
anhydride  acid.  fluoride. 

Thus  hydrofluoric  acid  dissolves  glass.  This  characteristic  pro- 
perty is  employed  as  a  test  for  hydrofluoric  acid  and  fluorides.  All 
metallic  fluorides,  when  treated  with  sulphuric  acid,  evolve  hydro- 
fluoric acid.  The  substance  to  be  tested  is  placed  in  a  small 
platinum  or  leaden  dish  with  concentrated  sulphuric  acid,  and  the 
dish  is  covered  with  a  piece  of  glass  coated  with  wax,  on  which 
characters  have  been  traced,  so  as  to  remove  the  wax  from  the 
parts  written  upon.  The  vessel  is  very  gently  warmed,  and  the 
glass  is  allowed  to  remain  over  it  for  about  a  quarter  of  an  hour. 
On  removing  the  wax,  the  presence  of  hydrofluoric  acid  will  be 
indicated  by  the  etching  of  the  exposed  parts  of  the  glass.  This 
method  is  frequently  employed  in  etching  scales  on  glass,  the 
fumes  from  a  mixture  of  powdered  fluorspar  and  sulphuric  acid 
being  employed  for  this  purpose.  Etchings  produced  by  means  of 
the  aqueous  solution  of  the  acid  are  transparent  and  cannot  be  seen 
at  a  distance ;  when  the  gaseous  acid  is  employed,  the  etched  sur- 
face is  dull,  for  which  reason  the  use  of  the  gaseous  acid  is  pre- 
ferred. 

It  is  evident  from  the  above  that  neither  glass  nor  porcelain 
vessels  can  be  employed  in  the  preparation  or  storing  of  hydro- 
fluoric acid.  The  aqueous  solution  is  generally  kept  in  vessels  of 
caoutchouc  or  guttapercha. 

Pure  and  perfectly  dry  hydrofluoric  acid  is  without  action  upon 
glass  (Gore) ;  but  the  slightest  trace  of  moisture  induces  the  action 
just  described. 

Fluorides— Ti\e  fluorides  are  formed  by  dissolving  metals  in 
hydrofluoric  acid  or  by  acting  with  this  acid  on  oxides,  hydrates, 
or  carbonates.  The  fluorides  of  the  alkalies  and  of  silver  are  soluble  ; 
those  of  the  alkaline  earths  are  insoluble.  Nearly  all  the  fluorides 
form  molecular  compounds  with  hydrofluoric  acid,  such  as  the 
double  fluoride  of  hydrogen  and  potassium  already  mentioned. 
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TETRAD  ELEMENTS. 

Section  I  {Continued  from  Chapter  XXV). 

SILICON,  Silicium,  Si. 

Atomic  weight  =  28-2.    Sp.  gr.  {crystallised)  =  249.  Atomicity 
also  a  pseudo-triad.    Evidence  of  atomicity : — 

Silicic  cliloride   Si'^Cl^. 


Silicic  fluoride    Si^^F^. 

{Si  n 
SiCl^* 

History. — Silicon  was  first  isolated  by  Berzelius  in  1810. 

Occurrence. — Silicon  is,  with  the  exception  of  oxygen,  the  most 
abundant  and  widely  distributed  of  the  elements.  It  does  not 
occur  in  the  free  state.  In  combination  with  oxygen  it  forms  the 
mineral  quartz  or  silica,  which  is  tlie  anhydride  of  silicic  acid : 
whilst  the  compounds  of  silica  with  bases  constitute  the  chief 
constituents  of  the  rocks  which  compose  the  earth's  crust,  and  con- 
sequently of  the  soils,  which  have  all  been  produced  by  the  disin- 
tegration of  the  rocks.  From  the  soils  the  silicon  is  absorbed  by 
plants,  in  the  ashes  of  which  it  may  always  be  detected. 

Preparation. — 1.  Silicon  is  liberated  when  silicic  anhydride  is 
reduced  by  heating  it  with  sodium : — 

Si02    -f    2Xa2    =    Si    +  20Na2. 

Silicic  Sodic 
anhydride.  oxide. 

This  method  is  not,  however,  adapted  for  the  preparation  of  pure 
silicon.  The  reaction  may  be  shown  by  heating  sodium  in  a  test- 
tube  of  Bohemian  glass,  when  the  glass  speedily  blackens  owing 
to  the  reduction  of  the  silica. 

2.  Pure  silicon  may  be  readily  obtained  by  heating  potassic 
silicofluoride  with  potassium  : — 

SiK^Fe    +  =    Si    +  6KF. 

Potassic  Potassie 
silicofluoride.  fluoride. 
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Sodiiim  may  be  substifcutecl  for  potassium  in  this  reaction.    The ' 
fused  mass  is  allowed  to  cool,  and  the  potassic  fluoride  is  then  dis- 
solved in  water,  when  the  silicon  remains  behind  as  a  brown 
amorphous  powder. 

3.  Silicon  is  deposited  in  the  same  amorphous  condition  when 
sodium  is  heated  in  a  current  of  the  vapour  of  silicic  chloride : — 

SiCl^    +  =    Si    +  4NaCl. 

Silicic  Sodic 
chloride.  .  chloride. 

4.  In  order  to  obtain  silicon  in  the  crystallised  condition,, 
advantage  is  taken  of  the  property  which  this  element  possesses  of 
dissolving  at  a  high  temperature  in  certain  metals,  such  as  zinc 
or  aluminium,  and  crystallising  from  these  metallic  solutions  on 
cooling.  A  mixture  of  15  parts  of  dry  potassic  silicofluoride  with 
4  parts  of  sodium  in  thin  slices  is  thrown  into  a  red-hot  Hessian 
crucible ;  36  parts  of  granulated  zinc  are  quickly  added,  and  the 
mass  is  covered  with  a  layer  of  fused  sodic  chloride.  The  lid  is 
then  replaced  and  the  whole  is  heated  for  some  time  to  a  tempera- 
ture below  the  boiling  point  of  zinc.  On  dissolving  the  cooled 
regulus  of  zinc  in  acids,  the  crystallised  silicon  remains  behind. 

5.  Crystallised  silicon  may  also  be  obtained  by  heating  together 
in  a  crucible  1  part  of  aluminium  with  5  parts  of  glass  free  from 
lead,  and  10  parts  of  powdered  cryolite  ('Ar"2F6,6N'aF).  The 
silica  of  the  glass  is  reduced  at  the  expense  of  the  aluminium. 

Properties. — Amorphous  silicon  is  a  brown  powder,  devoid  of 
lustre.  It  inflames  when  heated  in  the  air,  but  cannot  be  entirely 
burnt,  even  in  oxygen,  as  the  silica  which  is  formed  coats  the 
particles  and  prevents  further  oxidation.  It  is  insoluble  in  water 
and  is  not  attacked  by  acids,  except  hydrofluoric  acid,  which  dis- 
solves it  readily.  When  heated  with  exclusion  of  air  it  becomes 
denser,  and  is  no  longer  combustible. 

Crystallised  silicon  forms  dark  lustrous  octahedra  which  possess 
a  sp.  gr.  of  2-49  and  are  hard  enough  to  scratch  glass.  It  may  be 
heated  to  whiteness  in  oxygen  without  burning.  At  a  very  liigh 
temperature  it  fuses.  It  conducts  electricity  imperfectly.  Acids 
are  without  action  upon  it,  with  the  exception  of  a  mixture  of 
nitric  and  hydrofluoric  acids,  which  dissolves  it  slowly. 
_  Reactions.—l.  When  amorphous  silicon  is  heated  in  oxyo-en 
silicic  anhydride  is  formed.  °  ' 

2.  Both  varieties  of  sHicon  may  be  burned  in  a  stream  of' 

z 
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chlorine,  silicic  chloride  being  iDroduced.  Owing  to  the  volatile 
nature  of  the  silicic  chloride,  the  whole  of  the  siliQon  may  be  thus 
converted. 

3.  When  amorphous  silicon  is  treated  with  hydrofluoric  acid, 
or  the  crystallised  variety  with  a  mixture  of  nitric  and  hydro- 
fluoric acids,  hydrofluosilicic  acid  is  formed: — 

Si    +    6HF    =    SiH^Fg    +  211^. 

Hydrofluoric  Hydrofluo- 
acid.  silicic  acid. 

4.  Amorphous  silicon  when  boiled  with  caustic  alkalies,  yields 
an  alkaline  silicate,  with  evolution  of  hydrogen : — 

Si    +    4KHo    =    SiKo^    +  2H2. 

Potassic  Potassic 
liydrate.  silicate. 

Crystallised  silicon  must  be  fused  with  the  alkali  in  order  that 
this  reaction  may  take  place. 

COMPOUND  OF  SILICON  WITH  HYDBOaEN. 

SILICIC   HYDRIDE,  Siliciurcttcd  Hydrogen. 

SiH,. 

Molecular  weight  =  32-2.    Molecular  vohome  CD-  I 

Preparation. — 1.  When  dilute  sulphuric  acid  is  decomposed 
by  a  feeble  electric  current  passing  from  electrodes  of  aluminium 
containing  silicon,  silicic  anhydride  is  evolved  at  the  negative 
electrode. 

2.  It  may  also  be  obtained  by  decomposing  magnesic  silicide 
with  hydrochloric  acid  : — 

SiMg"2    +    4HC1    =    2MgCl2    +  SiH^. 

Magnesic         Hydrochloric         Magnesic  Silicic 
silicide.  acid.  chloride.  hydride. 

The  magnesic  silicide  is  prepared  by  heating  together  in  a  closed 
crucible  40  parts  of  anhydrous  magnesic  chloride,  35  parts  of  dried 
sodic  silicofluoride,  10  parts  of  fused  sodic  chloride,  and  20  parts- 
of  sodium  in  thin  slices.  The  fused  mass  is  broken  into  frag- 
ments and  introduced  into  a  flask  fitted  with  safety  and  delivery 
tubes.  The  flask  and  the  delivery  tube  are  filled  with  water  from 
which  the  air  has  been  expelled  by  boiling,  and  hydrochloric  acid 
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is  then  poured  through  the  funnel  of  the  safety  tube  into  the 
flask.  Silicic  hydride  is  evolved  and  is  collected  over  previously 
boiled  water  in  the  pneumatic  trough. 

3.  Silicic  hydride  prepared  by  either  of  the  foregoing  processes 
is  always  contaminated  with  hydrogen ;  but  if  ethylic  silieo-ortho- 
formate,  a  substance  obtained  by  the  action  of  silicon-chloroform 
(q.v.)  on  absolute  alcohol,  be  placed  in  contact  with  sodium,  it 
breaks  up  into  ethylic  orthosilicate  and  pure  silicic  hydride,  the 
sodium  remaining  unaffected : — 

4SiH(C,H30)3    =    SiH,    +  3Si(C,H,0),. 

Ethylic  silico-  Silicic  EthyUc 

orthoformate.  hydride.  orthosilicate. 

Properties. — Silicic  hydride  is  a  colourless  gas.  When  prepared 
from  magnesic  silicide  it  inflames  spontaneously  in  contact  with 
air,  and  burns  with  a  brilliant  white  flame  evolving  dense  clouds 
of  silicic  anhydride.  The  pure  gas  is  ijot  spontaneously  inflam- 
mable, but  it  acquires  this  property  when  it  is  gently  warmed,  or 
when  the  pressure  is  reduced,  or  when  it  is  diluted  with  hydrogen. 

Bcactions. — 1.  Burned  in  air  or  oxygen,  silicic  hydride  yields 
silicic  anhydride  and  water : — 

SiH^    -f    2O2    =    SiO^    +  2OH2. 

Silicic  Silicic  "Water, 

hydride.  anhydride. 

2.  With  chlorine  it  explodes  spontaneously,  forming  silicic 
chloride  and  hydrocliloric  acid : — 

SiH^    +    4CI2    =    SiCl^    +  4HC1. 

Silicic  Silicic  Hydrochloric 

hydride.  cliloride.  acid. 

3.  When  heated,  it  is  decomposed  into  amorphous  silicon  and 
free  hydrogen,  the  latter  occupying  twice  the  volume  of  the 
original  gas. 

4.  It  is  decomposed  at  ordinary  temperatures  by  a  solution  of 
potassic  hydrate,  yielding  four  times  its  volume  of  hydrogen  — 


SiH^    4-    2KHo    -f    OH2  =-- 

Silicic  Potassic  Water, 

hydride.  hydrate. 


SiOKo^    +  4H2. 

Potassic 
silicate. 


_  5.  It  precipitates  some  of  the  heavy  metals  in  the  form  of 
silicides  from  the  solutions  of  their  salts  :— 

z  2 
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2SO,Cuo"    +    SiH,    =    SiCu",    +  2SO,Ho,. 

Cupric  Silicic  Cupric  Sulpliuric 

sulphate.  hydride.  sihcide.  '  acid. 

COMPOUNDS  OF  SILICON  WITH  TEE  HALOGENS 

SILICIC  CHLORIDE. 

SiCl^. 

Molecular  loeight  =  170 '2.    Molecular  volume  \JZ1-     1  litre  of  the 
vapour.  weigJis  85-1  criths.    Sp.  gr.  of  liqidd  1-52.    Boils  at  59°. 

Preparation. — 1.  Silicic  chloride  is  formed  by  the  direct  com- 
bination of  its  elements  when  silicon  is  burnt  in  chlorine. 

2.  It  is  most  conveniently  prepared  by  heating  a  mixture  of 
finely  divided  carbon  and  silicic  anhydride  in  a  stream  of  dry 
chlorine : — 

SiO^    +    2C    +    2CI2    =    SiCl^    +  2C0. 

Silicic  Silicic  Carbonic 

anhydride.  chloride.  oxide. 

Properties. — Silicon  tetrachloride  is  a  colourless  mobUe  liquid, 
fuming  strongly  in  contact  with  air. 

Peaction. — Water  decomposes  it  instantaneously  with  formation 
of  silicic  and  hydrochloric  acids : — 

SiCl^    +    4OH2    =    SiHo^    +  4HC1. 

Silicic  "Water.  Silicic  Hydi-ochloric 

chloride,  acid.  acid. 

DISILICIC  HEXACHLORIDE. 

/  SiClg 

tsici^- 

Molecular  loeight  =  2fi9"4.    Molecular  volume  [  |  !•     1  litre  of  the  vapour  loeighs 
lM-7  criths..  Sp.  ffr.  of  liquid  1-58.    Fuses  at —1".    Soils  at  147°. 

Preparation. — 1.  This  compoimd  is  formed  in  small  quantity  when  the  vapoiu' 
of  silicic  chloride  is  passed  over  silicon  heated  aboTe  1000°  : — 

3SiCU       +       Si       =  {Sgls. 

Silicic  '  Disilicic 

chloride.  hexachloride. 

2.  It  is  more  easily  prepared  by  gently  heating  disilicic  hexiodide  (q.v.)  with 
mercuric  chloride  : — 
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Disilieic  Mercuric 
hexachloride.  iodide. 

Properties. — Disilieic  hexachloride  is  a  mobile,  colourless  liquid,  which  at  a 
temperature  of  —1°  solidifies  to  a  crystalline  mass.  It  possesses  the  peculiarity  of 
being  stable  only  below  350°  and  above  1000°,  whilst  at  intermediate  temperatui-es 
it  dissociates  into  silicic  chloride  and  silicon.  A  similar  abnormal  behaviour  has 
already  been  noted  in  the  case  of  seleniuretted  and  telluretted  hydrogen. 

Reaction. — With  water  it  is  decomposed  into  silicon-oxalic  acid  and  hydrc- 
chloric  acid : — 

Disihcic  Water.         •  Silicon-oxaUc  Hydrochloric 

hexachloride.  acid.  acid. 


■2  — 


Disilieic  Mercuric 
hexiodide.'  chloride. 


SILICON  CHLOROFORM,  Silicic  Sydrotricldoride. 
SiHClg. 

Molecular  loeigU  =  135-7.    Molecular  volume  I  I  'I-     1  litre  of  the  vapour  iveiglis 
67'85  criths.    Sp.  gr.  of  liquid  1"6.    Boils  at  36°. 

Preparation. — Silicon  cliloroform  is  formed  when  silicon  is  heated  to  dull  red- 
ness in  a  current  of  hydrochloric  acid  gas  : — 

Si       +       3HC1       =       SiHCla       +  H2. 
Hydrochloric  Silicon 
acid.  chloroform. 

Properties. — Silicon  chloroform  is  a  colom-less  liqiud.  It  is  very  inflammable 
and  burns  with  a  green-edged  flame.  A  mixture  of  its  vapour  with  air  explodes  in 
contact  with  a  heated  body. 

Reactions. — 1.  It  is  decomposed  by  chlorine  at  ordinaiy  temperatures : — 

SiHCla      +     CI2     =      SiCU     -r  HCl. 
Silicon  Silicic  Hydrochloric 

chloroform.  chloride.  acid. 

2.  By  contact  with  water,  it  is  transformed  into  silicoformic  anhydride,  or 
disilieic  hydrotrioxide : — 

f  SIHO 

2SiHCl3      +      3OH2      -=       ^  O  +  HOI. 

LSiHO 

Silicon  Water.  SiUcoformic  Hydrochloric 

chloroform.  anhydride.  acid. 

Silicon  bromoform,  SiHBra,  and  silicon  iodoform,  SlHIj,  have  also  been  pre- 
pared. 

SILICIC  BROMIDE. 
SiBrj. 

Molecular  weight  =  ^'^'^■2.  Molecular  volume  f  I  !•    Fuses  at  Boils  at  153°. 

Sp.  gr.  of  liquid  2-813  at  0°. 

Preparation. — This  substance  is  obtained  by  a  method  analogous  to  that 
employed  in  the  preparation  of  the  chloride,  bromine-vapour  being  substituted  for 
chlorine. 
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Froperties. — It  is  a  fuming  colourless  liquid. 

Beactwn.~-Wxiiev  decomposes  it  with  formation  of  silicic  and  hydrobromic 
acids : — 

SiBr^  +       40Ho       =       SiHo^       +  4HBr 

Silicic  bromide.  Water.  Silicic  acid.     Hydrobromic  acid. 


DisiUcie  hexahromide,  j 

SiBr!'     ^^'^'^  known. 


SILICIC  IODIDE. 
Sil4. 

Molecular  weight  =  536-2.    Molectilar  volume  □□•     Fuses  at  1^0  b°.    Soils  in 
carbonic  anhydride  at  290°. 

Preparation.— This  compound  is  formed  by  the  direct  union  of  its  elements 
when  a  mixture  of  iodine  Tapour  and  carbonic  anhydride  is  passed  over  red-hot 
silicon.  The  carbonic  anhydride  serves  to  carry  ofE  the  vapour  of  the  siUcic  iodide 
as  fast  as  it  is  formed,  and  thus  to  prevent  its  decomposition. 

Properties. — Silicic  iodide  crystalUses  in  colourless  octahedra.  It  may  be 
distilled  in  a  current  of  carbonic  anhydride.    It  is  soluble  in  carbonic  disvdpMde. 

Reactions. — 1.  Water  decomposes  it  into  silicic  and  hydriodic  acids. 

2.  Absolute  alcohol  decomposes  it,  with  production  of  siHcic  anhydride,  ethylic 
iodide,  and  hydiiodic  acid : — 

Silj      +      2EtHo      =      SiOa      +      2EtI      +  2HI. 
Silicic  Alcohol.  Sihcic  Ethylic  Hydriodic 

iodide.  anhydride.       iodide.  acid. 

Disilicic  hexiodide,  j^g^j^,  bas  been  obtained  by  heating  silicic  iodide  with 
finely  divided  silver : — 

2Sil4       +       Ago       =  +  2AgI. 

Silicic  Disilicic  Argentic 

iodide.  hexiodide.  iodide. 

It  forms  hexagonal  crystals,  fusing  with  decomposition  at  250°. 

SILICIC  FLUORIDE. 
SiF^. 

Molecular  weight  =  104-2.    Molecular  volume  \  I  1-    1  lito^e  weigJis 
52-1  criths.    Fuses  at  -140°.    Boils  at  -107°. 

Preparation. — Silicic  fluoride  is  prepared  by  heating  together, 
in  a  flask  furnished  with  a  delivery  tube,  quartz  sand,  fluorspar, 
and  an  excess  of  concentrated  sulphuric  acid : — 

SiOa  +  2CaF2  +  2SO2H02  =  SiF^  +  2SOHo2Cao". 

Silicic  Calcic  Sidphuric  Sihcic  Dihydric  calcic 

anhydride.       fluoride.  acid.  fluoride.  sulphate. 
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The  gas  may  be  collected  in  perfectly  dry  glass  vessels  over 
mercury. 

Properties.— fluoride  is  a  colourless  gas  with  ^a  very 
pungent  odom\  It  fumes  strongly  in  contact  with  air.  Under  a 
pressure  of  30  atmospheres,  or  at  a  temperature  of  —107°,  it  con- 
denses to  a  colourless  liquid,  which  at  a  still  lower  temperature 
solidifies.  It  is  not  altered  by  exposure  to  the  heat  of  powerful 
electric  sparks. 

Beaction.—'^?iter  decomposes  it  with  formation  of  silicic  and 
hydrofluosibcic  acids : — 

3Sir,   +    4OH2    =    SiHo,    +  2SiH2F6. 

Silicic  Water.  Silicic  Hydrofluosilicic 

fluoride.  acid.  acid. 

When  the  gas  is  passed  into  water,  the  silicic  acid  separates 
out  as  a  gelatinous  mass,  whilst  the  hydrofluosilicic  acid  remains 
in  solution.  To  prevent  the  delivery  tube  from  being  stopped  up, 
it  must  dip  under  mercury  at  the  bottom  of  the  vessel  in  which 
the  water  is  contained.  The  liquid  is  afterwards  filtered  from  the 
sibcic  acid  and  evaporated  at  a  low  temperature.  The  aqueous 
solution  of  hydrofluosilicic  acid  thus  obtained  forms  a  fuming  acid 
bquid,  which  on  further  evaporation  decomposes  into  silicic  fluoride 
and  hydrofluoric  acid. 

With  metallic  oxides,  hydrates,  and  some  salts,  hydrofluosilicic 
acid  produces  silicofluorides : — 

SiH,F6    +    2KHo    =    SiK^Fg    +  2OH2. 

Hydi-ofluo-  Potassic  Potassic  Water, 

silicic  acid.  hydrate.  silicofluoride. 

In  contact  with  an  excess  of  base  the  silicofluorides  are  decom- 
posed, yielding  silicates  and  fluorides : — 

SiK^Ffi    +    8KH0    =    SiKo^    +    6KF    +  4OH2. 

Potassic  Potassic  Potassic  Potassic  Water, 

silicofluoride.         hydrate.  silicate.  fluoride. 

The  silicofluorides  of  barium  and  potassium  are  insoluble  in 
water. 

Dlnlicic  hexajluoride  has  been  prepared  by  passing  silicic  fluoride  over  melted 
silicon  : — 

3SiF,       4-       Si       =  2{|g3. 

Silicic  Disilicic 
fluoride.  hexafluorido. 

It  forms  a  fine  wliite  powder. 
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COMPOUNDS  OF  SILICON  WITH  OXYGEN  AND 

HYDROXYL. 

Silicic  anhydride  . .  SiOg. 

Silicic  acid    SiHo^  and  SiOHoa- 

Other  Modifications  of  Silicic  Acid. 

Si^OgHo^  SigOioHo, 
SiaOgHo^  SigOgHog 
Si.O^Ho^  Si80igHo2 


Si^O^Ho, 


8* 


SILICIC  ANHYDRIDE,  Silica. 
SiO. 


'2- 


Molecular  weight  =  60-2.    Sp.  gr.  {amorphous)  2-2,  {tridymite\  2-3, 
{quartz)  2-69. 

Occurrence.— ^omQ  of  the  forms  in  which  silicic  anhydride  is 
found  in  nature  have  already  been  alluded  to  (p.  336).  It  occurs 
in  the  crystallised  condition  as  quartz  and  tridymite,  and  in  an 
amorphous  form  as  opal. 

Preparation.~lt  may  be  obtained  by  heating  silicic  acid  to 
100°.  Water  is  given  off  and  amorphous  silicic  anhydride 
remains. 

Properties.— As  quartz  or  rock  crystal,  silicic  anhydride  occurs 
in  the  form  of  hexagonal  prisms  terminated  by  a  hexagonal 
pyramid  (Fig.  45).  The  crystals  are  sometimes  colourless,  some- 
times coloured  by  the  presence  of  various  oxides.  Amethyst 

Fig.  45. 


quartz,  rose  quartz,  smoky  quartz,  are  varieties  of  this  description 
named  according  to  their  colour.  Occasionally  quartz  occurs  in 
large  crystalline  masses  as  quartzose  rock.  It  has  a  sp.  gr.  of  2-69, 
and  is  hard  enough  to  scratch  glass. 
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Tridymite  is  a  second  crystallised  variety  of  silicic  anhydride 
found  in  various  tracliytic  rocks.  Like  rock  crystal,  it  crystallises 
in  forms '  belonging  to  the  hexagonal  system ;  but  the  relations 
of  the  axes  vary  in  the  two  minerals,  so  that  the  forms  of  the  one 
cannot  be  referred  to  those  of  the  other.  The  sp.  gr.  of  tridymite 
is  2-3. 

Amorphous  silicic  anhydride,  when  artificially  prepared,  forms 
a  white,  very  fine  powder.  As  opal,  amorphous  silica  occurs  m 
transparent  or  translucent  masses  with  a  conchoidal  fracture.  The 
sp.  gT.  of  the  artificial  variety  is  2-2  ;  that  of  the  natural  2-3. 

Silicic  anhydride  in  all  its  forms  is  insoluble  in  water  at 
ordinary  temperatures.  It  dissolves  slightly,  however,  if  heated 
with  water  under  pressure  to  low  redness,  and,  on  cooling,  crystal- 
lises from  the  solution  in  the  form  of  quartz.  In  Like  manner, 
when  a  solution  of  an  alkaline  silicate  is  heated  in  a  sealed  glass 
tube,  a  portion  of  the  silica  from  the  glass  is  dissolved,  forming  an 
acid  silicate.  On  cooling,  the  excess  of  silica  separates  out.  If  the 
separation  takes  place  above  180°  the  silica  is  obtained  as  quartz ; 
below  this  temperature  tridymite  is  formed ;  at  ordinary  tempera- 
tures it  is  deposited  in  the  hydrated  condition  as  amorphous  silicic 
acid. 

Acids,  with  the  exception  of  hydrofluoric,  are  without  action 
upon  silicic  anhydride.  With  aqueous  hydrofluoric  acid  hydrofluo- 
silicic acid  is  formed  : — 

SiO^    +    6HF    =    SiH^Fe    +  2OH2. 

Silicic        Hydrofluoric    Hydrofluosilicic  Water, 
anhydride.  acid.  acid. 

All  the  modifications  of  silicic  anhydride,  when  fused  with  an 
excess  of  a  caustic  alkali  or  an  alkaline  carbonate,  combine  with 
the  base  to  form  a  soluble  silicate  : — 

SiO^    -f-    2CONao2    =    SiNao^    +  2C0^. 

Silicic  Sodic  Sodic  Carbonic 

anhydride.  carbonate.  silicate.  anhydride. 

The  amorphous  variety,  if  it  has  not  been  ignited  too  strongly, 
dissolves  in  boiling  solutions  of  caustic  alkalies. 

SILICIC  ACID. 

Tetrabasic. . . .  SiHo^.        Dibasic. . . .  SiOHoj. 

Preparation. — Silicic  acid  may  be  obtained  by  decomposing  a 
solution  of  sodic  or  potassic  silicate  with  hydrochloric  acid  : — 
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SiNao^    +    4HC1    =    SiHo^    +  4NaCl. 

Soclic  Hydrochloric         Silicic  Sodic 

silicate.  acid.  acid.  chloride. 

If  the  solution  of  the  alkaline  silicate  is  concentrated,  the  silicic 
acid  separates  out  as  a  white  gelatinous  precipitate ;  but  if  a  dilute 
solution  of  the  silicate  be  poured  into  an  excess  of  hydrochloric 
acid,  the  siKcic  acid  remains  dissolved.  The  clear  solution  ob- 
tained by  the  latter  method  may  be  freed  from  the  sodic  chloride 
and  excess  of  hydrochloric  acid  by  dialysis  (see  Indroduction,  p. 
122).  The  silicic  acid,  being  a  colloid,  is  unable  to  pass  through 
the  membrane  of  the  dialyser,  whilst  the  other  substances  in  solu- 
tion diffuse  freely  through  into  the  surrounding  liquid.  The  solu- 
tion of  silicic  acid  may  be  concentrated  by  boiling  in  a  flask  until 
it  contains  22  per  cent,  of  the  tetrabasic  acid,  but  beyond  this 
point  it  solidifies  to  a  jelly.  When  evaporated  in  a  dish  the 
solution  is  apt  to  gelatinise  round  the  edges,  and  then  the  whole 
mass  solidifies.  The  concentrated  solution  also  gelatinises  spon- 
taneously when  allowed  to  stand  for  a  few  days,  and  the  same 
effect  is  produced  instantaneously  by  passing  carbonic  anhydride 
into  the  solution,  or  by  the  addition  of  a  trace  of  an  alkaline  car- 
bonate. " 

2.  Gelatinous  silicic  acid  may  be  obtained  by  passing  a 
stream  of  carbonic  anhydride  through  a  solution  of  an  alkaline 
silicate : — 


SiNao^    +    4OH2    +    4CO2  = 

Sodic  Water.  Carbonic 

silicate.  anhydride. 


SiHo^    +  4COHomo. 

Silicic  Hydric  sodic 

acid.  carbonate. 


A  reaction  similar  to  this  is  the  cause  of  the  disinteo-ration  of 
granitic  rocks.  The  carbonic  anhydride  which  is  held  in  solution 
in  all  natural  waters  acts  upon  the  alkaline  silicates  contained  in 
the  rocks. 

3.  Gelatinous  silicic  acid  is  also  formed  when  silicic  fluoride  is 
passed  into  water  (p.  343). 

Properties. — Silicic  acid,  lilce  most  other  weak  polybasic  acids 
of  even  basicity,  has  a  great  tendency  to  give  ofi'  water  and  form 
an  anhydride.  It  is  therefore  exceedingly  doubtful  whether  any 
of  the  silicic  acids  have  been  prepared  in  a  state  of  purity.  By 
allowing  gelatinous  silicic  acid  to  dry  in  the  air,  a  compound 
having  approximately  the  composition  represented  by  the  formula 
SigOgHog  is  obtained,  and  this,  when  diied  at  100°,  parts  with 
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more  water,  yielding  a  hydrate  of  the  formula  SigHioHo^.  These 
substances  are,  however,  very  difficult  to  obtain  of  fixed  composi- 
tion, and  they  possess  none  of  the  other  characteristics  of  definite 
chemical  compounds. 

Silicates.— The  preparation  of  alkaline  silicates  has  already 

been  described  (p.  345). 

Silica  and  the  silicates  form  a  very  important  class  of  minerals. 
The  following  list  contains  a  few  examples  : — 


Sand 
Flint 

Eock  crystal  1^ ^.j.^.^  anhvdriclc   SiO. 

Quartz 
Opal 

Chalcedony 

Peridote  {Dimccgnesic  silicate)    SiMgo^j- 

Phenacite  {Diberyllic  silicate)    SiBeo^j- 

Willemite  (Dizincic  silicate)   SiZno^g. 

Zircon  {Zirconic  silicate)   SiZro^^. 

Enstatite  {Monomagnesic  silicate)   SiOMgo". 

rSiNaOg 

Yorke's  Sodic  silicate   s  0 

LSiNaOg 

Ophite  (Noble  Serpentine)   -l  0_  Mgo'^g. 


||jCao"Mgo". 


Diopside  {Calcic  magnesic  disilicate)  . . 

Talc  {Tetramagnesic  pentasiliccttc)   SigOgMgo''^. 

rSiHo^— 1 

Okenite  {Tetrahydric  ccdcic  disilicate)  . .  <  0  Cao". 

LSiHo^— ' 

Serpentine  {Dihydric  trimagnesic  disili-  1"^^°^^° 

^"^^^   LsiHoMgo"" 

Steatite  {Trimagnesic  tetrasilicate)   Si^OgMgo^'g. 

fSiHoMgo" 

Meerschaum  {Tetrahydric  dimagnesic  tri-  J  2- 
silicate)  


SiHo2 

0 

LSiHoMgo" 
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■o      ,  rSiOHo-1 
ryrophyllite  {Dihydric  aluminic  tetrasili-     SiO — ' ,  I  . 

catc)  <  SiO_^°''- 

LsiOHo-J 

Anortliite  (Aluminic  calcic  disilicate)  ..  Si2('Ar"20g)^Cao'' 

Labradorite  (Aluminic  calcic  trisilicate). .  XsiCao"— Alo" 

LSiO  ' 

Grossularia  (Ahcminic  tricalcic  trisilicate)  J'siCao"^^A.lo^ 

LsiCao"— 

Emerald  (Trihevyllic  aluminic  hexasili-1  „.  ^  ,  . 
cate)  J-SlfiOeAloviBeo'V 

rsio  , 

Onloropal  (Feme  trisilicate)   J  SiO  Feo^i  30H  t 

LsiO— J  ' 

Felspar.    Orthose  (Dipotassic  columinic']  „■     rr    a,  • 
hexasilicate)  J  aigO^Ko^Alo^. 

COMPOUNDS   OF  SILICON  CONTAINING  SULPHUR. 
SILICIC  SULPHIDE. 

SiS"2. 

Preparation.—!.  Silicic  sulphide  is  formed  by  the  direct  union  of  its  elements 
when  amorphous  silicon  is  heated  in  sulphur  vajiour. 

2.  It  is  more  conveniently  obtained  by  passing  the  vapour  of  carbonic  disul- 
phide  over  a  mixture  of  silicic  anhydride  and  charcoal  heated  to  redness  : — 

SiO.2      +      CSs      +      C      =      SiS"2      +  2C0. 
Silicic        Carbonic  Silicic  Carbonic 

anhydride,    disidphide.  sulphide.  oxide. 

Properties. — Silicic  sulphide  forms  white  silky  needles  resembling  asbestos  in 
appearance.  It  may  be  sublimed  without  decomposition.  In  contact  with  water  it 
forms  silicic  acid  and  sulphuretted  hydrogen  : — 

S1S"2     +      4OH2      =      SiHo4      +  2SH2. 
Silicic  Water.  Silicic  Sulphuretted 

sulphide.  acid.  hydrogen. 

SILICIC  TRICHLORSTJLPHHYDIIATE. 
SiClsHs. 

Molecular  tueight  =  167'7.    Molecular  volume  I  I  !•    Boils  at  96°. 

Preparation. — This  compound  is  obtained  by  passing  a  mixture  of  silicic  chloride 
vapour  and  sulphuretted  hydrogen  through  a  red-hot  porcelain  tube : — 

*  AloV  =  ('Al'''20c)^'.  t  Feo^*  =  dW'.O^yK 
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SiCI 


+       SH.       =       SiCl^Hs       +  HCl. 


SUicic        Sulphuretted      SiUcic  trichlor-  Hydrochloric 
chloride.  hydrogen.        sulphhydrate.  acid. 

Properties.-Bmcic  trichlorsulphhydrate  is  a  colourless  fuming  liquid,  boiUng 
at  96°.  Water  decomposes  it,  forming  silicic  acid,  hydrochloric  acid,  and  sulphur- 
etted hydrogen  :— 

SiClsHs      +      4OH2     =      SiH04      +      3HC1      +  SH^. 
SUicic  trichlor-        Water.  Silicic       Hydrochloric  Sxaphuretted 

sulphhydrate.  acid.  acid.  hydrogen. 


TIN,  Sn.* 

Atomic  weigJit  =  US.    Sp.  fjr.  7-2S.    Fuses  at  228°.  Atomicity" 
and     also  a  pseudo-triad.  Evidence  of  atomicity : — 

Stannous  chloride  (at  900°). .  . .  Sn"Cl2. 
Stannic  chloride   Sn^^Cl^. 

Eistory.—Tin  has  been  known  from  the  earliest  historical 
times.  The  tin-mines  of  Cornwall  were  celebrated  before  the 
Eoman  invasion,  and  from  these  the  Phoenician  merchants  supplied 
the  metal  to  the  ancient  world. 

Occurrence.  Tin  is  never  found  in  the  free  or  native  state.  In 

combination  with  oxygen  as  tin-stone  or  stannic  anhydride  it 
occurs  in  veins  in  the  primitive  rocks,  and  sometimes  in  alluvial 
deposits  (stream  tin).  Tin-stone  is  the  only  ore  from  which  the 
metal  is  extracted.  The  mines  of  Cornwall,  above  referred  to,  and 
those  of  Devonshire,  furnish  the  chief  supply ;  those  of  Malacca 
and  Banca  come  next  in  importance. 

Extraction.— ThQ  tin-stone  is  first  crushed  and  washed  in  order 
to  free  it  from  earthy  impurities.  It  is  then  roasted  in  a  reverbera- 
tory  furnace,  by  which  means  the  iron-  and  copper-pyrites  with 
which  it  is  contaminated  are  oxidised.  The  iron  is  thus  converted 
into  ferric  oxide,  with  evolution  of  sulphurous  anhydride,  whilst 
the  copper  forms  cupric  sulphate.  The  roasted  mass  is  again 
washed,  the  cupric  sulphate  being  thus  dissolved  and  the  ferric 
oxide  mechanically  removed.  The  finely  divided  tin-stone  thus 
purified  is  mixed  with  charcoal  and  reduced  in  a  furnace  : — 

*  This  element,  whilst  exhibiting  all  the  physical  properties  of  a  metal,  behaves 
in  most  of  its  chemical  relations  like  a  non-metal.  Its  compounds  resemble  those 
of  carbon,  silicon,  and  titanium,  and  it  can  be  most  conveniently  studied  in  connec- 
tion with  these  elements.  For  simUar  reasons  antimony,  bismuth,  and  a  few  other 
metallic  elements  have,  in  the  present  work,  been  classed  with  the  non-metals. 
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SnO,    +    C2    =    Sn    +  2C0. 

Stanmc  anhydride.  Carbonic  oxide. 

The  tin  obtained  by  the  above  process  is  generally  contaminated 
with  various  foreign  metals  (iron,  copper,  lead,  arsenic,  antimony) 
from  which  It  may  be  separated  by  liqnation.  This  process  con- 
sists m  melting  the  crude  tin  at  the  lowest  possible  temperature 
on  the  bed  of  a  reverberatory  furnace.  The.  tin.  by  virtue  of  its 
lower  fusmg-point,  melts  first,  and  flows  off,  leaving  a  less  fusible 
alloy  of  tin  with  the  other  metals. 

Propertics.~Tin  is  a  white  metal  with  a  high  metaUic  lustre 
When  warm  it  emits  a  peculiar  odour.  In  hardness  it  is  inter- 
mediate between  lead  and  zinc.  It  is  malleable,  and  may  be 
beaten  into  thm  leaves  (tin-foil).  At  a  temperature  of  200°  it 
becomes  brittle.  It  fuses  at  228°,  and  when  exposed  to  the  ak  in 
a  molten  condition  undergoes  superficial  oxidation.  At  a  white 
heat  it  enters  into  ebullition  and  burns  with  a  briUiant  white 
light,  forming  stannic  anhydride.  It  is  also  oxidised  when  heated 
to  redness  in  a  current  of  steam.  At  ordinary  temperatures  it  resists 
the  action  of  air  and  moisture. 

If  a  bar  of  tin  be  bent  backwards  and  forwards  a  faint  crack- 
ling sound  is  heard,  and  the  point  of  flexure  becomes  hot.>  These 
effects  depend  upon  the  breaking  and  friction  of  the  crystals 
within  the  mass.  The  crystalline  structure  of  tin  may  be  readily 
shown  by  brushing  the  surface  of  a  piece  of  the  metal  (which  has 
been  cast,  but  not  hammered)  with  warm  dilute  aqua-regia,  when 
it  becomes  covered  with  fine  crystalline  markings,  resembling  m 
appearance  watered  silk.  Tin  thus  prepared  was  formerly  much 
used  for  ornamental  purposes  under  the  name  of  moirde  mdtallique. 
Crystals  of  tin  may  be  readily  obtained  by  fusing  a  large  quantity 
of  the  metal,  allowing  it  partially  to  solidify  in  the  crucible,  then 
breaking  a  hole  in  the  crust  which  forms  on  the  surface,  and  pour- 
ing out  the  molten  metal.  The  interior  of  the  crucible  wiU  be 
found  to  be  lined  with  crystals  of  tin. 

Reactions. — 1.  Hot  concentrated  hydrochloric  acid  dissolves 
tin  with  evolution  of  hydrogen  and  formation  of  stannous  chlo- 
ride : — 

Sn    +    2HC1    =    SnCl^     +  H2. 

Hydrochloric  Stannous 
acid.  chloride. 

2.  Heated  with  concentrated  sulphuric  acid  it  forms  stannous 
sulphate,  sulphurous  anhydride  being  evolved  : — 
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Sn    +    2SO,Ho,    =    SO,Sno"    +    SO,    +  20H.,. 

Sidphuric  Stannous         Sulphurous  Water, 

acid.  sulphate.  anhydride. 

3  Nitric  acid  of  sp.  gr.  1-3  acts  upon  it  violently,  oxidising  it 
to  metastannic  acid  (Sn,0,Ho,o).     Mtric  acid  of  sp.  gr.  1-5  does 

not  attack  tin.  .  i     ,  w 

4  Cold  dilute  nitric  acid  dissolves  it  slowly  without  evolution 
of  aas  stannous  nitrate  being  formed.  At  tlie  same  time  a  portion 
of  the  nitric  acid  undergoes  reduction  to  ammonia,  which  combines 
with  the  excess  of  nitric  acid : — 

4Sn    +    9NO,Ho    =    4^o^Sno"    +    NH3    +  30H,. 

Nitric  acid.  Stannous  nitrate.       Ammonia.-  Water. 

5.  Caustic  alkalis  dissolve  tin  when  fused  with  it,  a  soluble 
stannate  being  formed,  whilst  hydrogen  is  evolved  :— 

Sn    +    20KH    +    OH2    =    SnOKo,  + 

Potassic  Water.  Potassic 

hydrate.  stannate. 

6.  It  combines  directly  with  sulphur,  phosphorus,  chlorine, 

bromine,  and  iodine. 

Uses.— ^wi^im^/.— Tin  is  frequently  employed  in  coating  other 
metals  to  preserve  them  from  rust,  a  process  known  as  tinning. 
Ordinary  tin-plate  is  iron  which  has  been  thus  treated.  The  siu^face 
of  the  metal  to  be  tinned  is  thoroughly  freed  from  every  trace  of 
oxide,  which  would  otherwise  prevent  the  adhesion  of  the  tin,  and 
the  metal  is  then  plunged  into  a  bath  of  melted  tin,  covered  with  a 
layer  of  grease  to  exclude  the  air.  The  film  of  tin  which  adheres 
to  the  surface  forms  an  alloy  with  the  metal,  and  cannot  be  sepa- 
rated from  it  mechanically.  The  tinning  of  copper  is  effected  in  a 
similar  manner. 

.  Alloys— 'NumevovLS  alloys  of  tin  are  employed  in  the  arts. 
Plumber's  solder  is  an  alloy  of  tin  and  lead,  the  proportion  of  tin 
increasing  with  the  degree  of  fusibility  required.*  Fine  solder 
consists  of  2  parts  of  tin  and  1  of  lead ;  common  solder  of  equal 
parts  of  tin  and  lead  ;  and  coarse  solder  of  1  of  tin  and  2  of 

*  With  regard  to  the  fusing  points  of  alloys,  or  of  any  mixtures  of  fusible  sub- 
stances which  do  not  chemically  combine,  the  law  holds  that  the  fusing  point  of 
the  mixture  is  lower  than  the  mean  fusing  point  of  the  constituents  in  the  propor- 
tion in  which  they  arc  present. 
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lead.  Britannia  metal  consists  of  equal  parts  of  brass,  tin,  and 
antimony,  and  is  employed  as  a  cheap  substitute  for  silver  in 
the  manufacture  of  tea-pots,  &c.  Pewter  is  a  similar  alloy  iu 
which,  however,  the  lead  and  tin  greatly  predominate.  The  alloys 
of  tin  with  copper  will  be  treated  of  under  the  heading  of  the  latter 
metal. 


COMPOUNDS  OF  TIN. 

The  following  are  the  names  and  probable  constitutional  for- 
mulfe  of  the  principal  compounds  of  this  metal: — 


Stannous  chloride  (at 
900°)  

Stannic  chloride  .... 

Stannous  oxide  

Stannic  oxide  or  anhy- 
dride   

Stannous  oxydichloride' 
Stannous  hydrate  .... 


SnCla- 
SnCl^. 
SnO. 


SnO^. 

,  rsno 

tSnCV 
SnHo.. 


Stannic  acid  

Potassic  stannite  . . 
Dipotassic  stannate 

Distannic  trioxide. . 
or 

Stannous  stannate. . 


SnOHo2. 
SnKo2. 

SnOKo2,40H2. 

rsno. 


0. 


Metastannic  acid  (dried 
at  100°)  


tSnO 


SnOSno'' 

"SnHog 
0 

SnHo„ 

0 

SnO  . 

0 

SnHo2 

0 

SnHo3 


0=Sn=Sn<^}. 
0 

H— 0-Sn-O— H. 


0=Sn— Sn=0; 


0=Sn<^>Sn, 
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■SnHo2Ko 

0 

SnHoa 

Dipotassic    metastan-   ■  ^j^q 
nate    q 

SnHo2 

0 

SnHosKo 


•  Stannous  sulphide. .  . .  SnS'' 
Stannic  sulpiiide  .... 


SnS"2. 


Distannic  trisulphide  .  g^g"^"' 


or 


Stannous  sulphostan- 
nate    SnS"Sns". 


Stannous  sulphate. 


SO^Sno". 


S=Sn— Sn=S 


S=Sn<g>Sn. 
0 

"I  0 

S<^>Sn. 
0 


COMPOUNDS  OF  TIN  WITH  THE  HALOGENS. 

a.  Stannous  Compounds. 

Stannous  chloeide. — Up  to  700°  "Sn"2Cl4;  mol.  wt.  =  378. 
Between  880°  and  970°  SnCl.^* ;  mol.  wt.  =  189.  Fuses  at  250". 
Boils  about  618°. 

Preparation. — 1.  By  heating  a  mixture  of  1  part  of  tin-filings 
with  2  parts  of  mercuric  chloride . — 

Sn    +    HgCl^    =    SnCl^    +  Hg. 

Mercuriu  Stannous 
cUoride.  chloride. 

The  mercury  distils  off,  and  the  stannous  chloride  remains  as  a 
vitreous  mass,  which  may  also  be  distilled  at  a  Mgher  temperature. 
2.  By  dissolving  tin  in  hydrochloric  acid : — 

Sn    +    2HC1    =     SnCl^  + 

Hydrocldoric  Stannous 
acid.  chloride. 

*  For  the  sal<e  rf  greater  simplicity  in  the  formula,  the  smaller  moleculai- 
formulte  have  Veen  employed  for  the  stannous  compounds. 
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On  evaporation  of  the  aqueous  solution,  prismatic  crystals  of  the 
formula  SnCl2,20H2,  are  obtained.  The  crystals  dissolve  in  a 
small  quantity  of  water,  but  a  larger  quantity  decomposes  them 
with  formation  of  stannous  oxydichloride  and  free  hydrochloric 
acid : — 

2S11CI2    +    OH2    =    "Sn^^OCl^    +  2HC1. 

stannous  Water.  Stannous  Hydrochloric 

ohloTide.  oxydichloride.  acid. 

Stannous  chloride  readily  unites  with  oxygen  or  chlorine,  and 
hence  acts  as  a  powerful  reducing  agent.  Mercury  and  gold  are 
precipitated  by  it  in  the  metallic  state  from  solutions  of  their  salts. 
The  presence  of  an  excess  of  hydrochloric  acid  prevents  the  separa- 
tion of  insoluble  stannous  oxydichloride  during  the  reducing 
process : — 

HgO    +    SnCl^  +  2HC1  =  Hg  +  SnCl,  +  OH^. 

Mercuric  Stannous     Hydrochloric  Stannic  "Water, 

oxide.  chloride.  acid.  chloride. 

In  like  manner  ferric,  manganic,  and  cupric  salts  are  reduced  to 
ferrous,  manganous,  and  cuprous  salts.  Chromic  acid  is  converted 
into  chromic  oxide. 

Stannous  chloride  is  employed  as  a  mordant  in  dyeing  and 
calico-printing. 

Stannous  bromide,  SnBr,,  is  obtained  by  dissolving  tin  in  hydrobromio  acid.  It 
forms  a  greyish-white  crystalline  mass,  readily  soluble  in  water. 

Stannous  iodide,  SnI,,  may  be  prepared  by  acting  upon  finely  divided  tin  with 
hydriodic  acid,  or  by  precipitating  a  concentrated  solution  of  stannous  chloride 
with  potassic  iodide.  It  crystallises  in  sparingly  soluble  red  needles,  which  are 
decomposed  by  an  excess  of  water.    It  is  Tolatile  at  a  red  heat. 

Stannous  fluoride,  SriF^,  is  obtained  in  white  lustrous  monoclinic  crystals  by 
dissolving  tin  or  stannous  hydrate  in  hydrofluoric  acid  and  evaporating  the  solution 
in  vacuo. 

h.  Stannic  Compounds. 

Stannic  chloride,  Molecular  weight  =  260.  Molecu- 

lar volume  I  I  I-  Sp.  gr.  of  liquid  2'267  cU  0°.  Boils  at  115°. — 
This  compound  may  be  prepared  either  by  the  combustion  of  tin  in 
a  current  of  chlorine,  or  by  heating  a  mixture  of  1  part  of  tin- 
filings  with  4  parts  of  mercuric  chloride  : — 

Sn    +    2HgCl2    =    SnCl^    +  2Hg-. 

Mercuric  Stannic 
chloride.  chloride. 


The  stannic  chloride  distils  over,  and  is  collected  in  the  receiver. 
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Stannic  chloride  is  a  colourless  mobile  liquid,  which  fumes 
powerfully  in  contact  with  moist  air.  It  unites  with  water,  evolv- 
ing great  heat,  and  forming  a  crystalline  aquate,  SnCl4,30H2.  It 
dissolves  in  a  small  quantity  of  water,  but  an  excess  of  water 
decomposes  it,  with  formation  of  stannic  and  hydrochloric  acids. 

It  unites  with  the  soluble  metallic  chlorides  to  form  chlorostan- 
nates.  Ammonic  chlorostannate  (NIl4)2SnClp  is  the  pink  salt  of 
the  dyer. 

Stannic  chloride  is  also  used  in  dyeing. 

stannic  bromide,  SnBr4  (molecular  volume  I  I  I  ),  is  obtained  as  a  white,  fusible 
crystalline  mass  by  the  direct  union  of  tin  and  bromine.  It  fuses  at  30°,  and  boils 
at  201°.. 

Stannic  iodide,  Snl^,  is  prepared  by  heating  together  tin  and  iodine.  It  crystal- 
lises in  orange-coloured  octahedra,  which  fuse  at  146°.    ft  boils  at  295°. 

Stannic  fluoride,  SnFj.  The  free  compound  has  not  been  prepared.  Numerous 
double  fluorides  of  tetradic  tin  with  other  metals  are,  however,  known  :  thus,  potassic 
stanm'cofluoride,  SnK2F6,OHo ;  sodic  stannicofliioride,  SnNa2FQ,  and  others,  These 
stannicofluorides  correspond  with  the  silicofluorides  (p.  343),  with  which  they  are, 
as  a  rule,  isomorphous. 


COMPOUNDS  OF  TIN  WITH  OXYGEN  AND  HYDBOXYL. 

a.  Stannous  Compounds. 

Stannous  oxide,  SnO.  Molecular  weight  =  134. — 1.  When 
stannous  oxalate  is  heated  to  decomposition  in  a  closed  vessel, 
stannous  oxide  remains : — 

I^qSuo"    =    SnO    +    CO2     +  CO. 

Stannous  Stannous        Carbonic  Carbonic 

oxalate.  oxide.         anhydride.  oxide. 

2.  Stannous  hydrate,  SnHo2,  is  obtained  as  a  white  precipitate 
by  adding  sodic  carbonate  to  a  solution  of  stannous  chloride.  It  is 
converted  into  black  stannous  oxide  by  heating  to  80°  in  an  atmo- 
sphere of  carbonic  anhydride.  If  the  stannous  hydrate  be  boiled 
with  a  quantity  of  caustic  alkali  insufficient  to  dissolve  it,  the 
remaining  hydrate  is  converted  into  smaU  black  sliining  crystals  of 
the  oxide  (Fremy). 

Stannous  oxide  is  a  black  powder  of  sp.  gr.  6-666.  When 
heated  in  the  air  it  becomes  incandescent,  and  is  converted  into 
stannic  oxide.    With  acids  it  yields  the  stannous  salts. 
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h.  Stannic  Com^wunds. 

Stannic  oxide  or  Stannic  anhydride,  SnO.  Molecular 
locight  =  150— Stannic  anhydride  occurs  in  nature  as  tin-stone, 
crystallising  in  forms  belonging  to  the  quadratic  system.  The 
crystals  are  generally  dark-coloured,  owing  to  the  presence  of  ferric 
and  manganic  oxides. 

Stannic  anhydride  may  be  obtained  artificially  as  a  white, 
insoluble,  amorphous  powder  by  igniting  stannic  or  metastaimic 
acid.  Amorphous  stannic  oxide  assumes,  on  heating,  a  yellowish- 
brown  colour,  which  disappears  on  cooling.  It  may  be  obtained  in 
quadratic  crystals  like  those  of  native  tin-stone,  by  heating  it 
strongly  in  a  current  of  gaseous  hydrochloric  acid. 

Stannic  anhycMde  is  insoluble  both  in  acids  and  in  allcalies.  It 
may  even  be  fused  with  alkaline  carbonates  without  undergoing 
change.  By  fusion  with  a  caustic  alkali  it  is  rendered  soluble,  a 
stannate  of  the  base  being  formed. 

Stannic  acid,  SnOHo2.— This  acid  is  obtained  as  a  colourless, 
gelatinous  precipitate  by  decomposing  a  solution  of  stannic  chlo- 
ride with  calcic  carbonate,  care  being  taken  to  avoid  an  excess  of 
the  precipitant : — 


SnCl^  +  2COCao"  +  OH2  = 

Stannic  Calcic  Water, 

cliloride.  carbonate. 


SnOHo^  +  2CaCl2  +  200,. 

Stannic  Calcic  Carbonic 

acid.  cliloride.  anhydride. 


When  dried  in  vacuo  it  has  the  composition  expressed  by  the 
above  formula. 

It  is  soluble  both  in  acids  and  in  alkalies.  With  hydrochloric 
acid  it  yields  a  solution  of  stannic  chloride.  The  stannic  salts 
of  the  oxy-acids  are  very  unstable.  With  bases  it  forms  the 
stannates.  The  alkaline  stannates  crystallise  well.  Sodic  stannate 
(SnOXaOgjBOHg)  is  employed  in  dyeing  as  a  mordant,  under  the 
name  of  "  preparing  salt." 

Metastannic  acid,  SngOgHo^o. — This  compound,  which  is 
polymeric  with  stannic  acid,  is  prepared  by  oxidising  tin  with  nitric 
acid,  and  drying,  at  100°,  the  white  powder  (Sn505Hoio,50H2)  thus 
obtained.  By  ignition  it  is  converted  into  ordinary  stannic  anhy- 
dride. 

Metastannic  a.cid  is  insoluble  in  water.  Hydrochloric  acid 
combines  with  it  without  dissolving  it,  but  the  double  compound 
thus  formed  is  soluble  in  pure  water,  from  which  solution  it  is 
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precipitated  by  boiling,  or  by  the  addition  of  concentrated  hydro- 
chloric acid.  By  prolonged  digestion  with  concentrated  hydro- 
chloric acid,  metastannic  acid  is  converted  into  stannic  chloride. 

Metadanncttcs.— Only  two  of  the  hydrogen  atoms  of  meta- 
stannic acid  are  replaceable  by  bases.  Potassic  metastannate, 
Sn  0  Ho„Ko„  is  soluble  in  water,  but  insoluble  in  concentrated 
caustic  potash. 

It  may  be  prepared  by  dissolving  metastannic  acid  in  cold 
caustic  potash,  and  then  adding  solid  caustic  potash  to  the  solution. 
It  is  gummy  and  uncrystallisable.  The  sodium  salt,  which  may 
be  obtained  in  a  similar  manner,  forms  crystalline  granules. 

DiSTANNio  TEioxiDB  or  Stannotjs  staknate,  'Sii"'j03  Or  SnOSno".— The 
hydrate  corresponding  with  this  oxide  is  prepared  by  boiling  a  solution  of  stannous 
chloride  with  freshly  precipitated  ferric  hydrate  :— 

2SnClo    +    'Fe"',H06    =    'Sn"'2HoB  (?)     +  2FeCl3. 
Stannous  Ferric  Distannic  Ferrous 

chloride.  hydrate.  hexahydrate.  chloride. 

The  hydrate  forms  a  grey  sUmy  precipitate,  which  by  heating  in  a  current  of  car- 
bonic anhydride  is  converted  into  black  distannic  trioxide. 

AU  the  oxygen  compounds  of  tin  are  reduced  to  the  metallic 
state  by  ignition  in  a  current  of  hydrogen  or  carbonic  oxide,  or  by 
heating  with  charcoal. 

COMPOUNDS  OF  TIN  WITH  SULPHUR. 

Stannous  sulphide,  SnS'',  may  be  prepared  by  heating 
together  metallic  tin  and  sulphur,  when  the  two  substances  unite 
with  incandescence.  It  forms  a  laminar  crystalline  mass  of  a 
bluish-grey  colour. 

It  may  also  be  obtained  as  a  dark  brown  precipitate  by  passing 
sulphuretted  hydrogen  into  a  solution  of  a  stannous  salt. 

S11CI2    +    SH2    =    SnS"    4-  2HC1. 

Stannous       Sulphuretted      Stannous  Hydrochloric 
chloride.  hydrogen.        sulphide.  acid. 

Stannous  sulphide  dissolves  in  hot  concentrated  hydrochloric 
acid,  yielding  stannous  chloride  and  sulphuretted  hydrogen,  by  a 
reaction  the  reverse  of  the  above. 

It  is  soluble  in  a  solution  of  an  alkaline  disulphide,  forming  a 
sulphostannate  of  the  alkali : — 
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SnS-    +    III    =  SnS"Ks,. 

Stannous  Dipotassic  Potassic 

sulphide.         disulpliide.  sulphostannato. 

From  this  solution  it  is  precipitated  by  acids  as  stannic,  not  as 
stannous,  sulphide : — 

SnS-Ks2  .+    2HC1    =    SnS"^    +    2KC1    +  SH^. 

Potassic  Hydrochloric         Stannic  Potassic  Sulphuretted 

sulpliostannate.  acid.  sulphide.  chloride.  hydrogen. 

Stannic  sulphide,  SnS^'g-— This  compound  cannot  be  prepared 
by  merely  heating  tin  and  sulphur  together.  The  addition  of  some 
volatile  substance  is  necessary  in  order  to  lower  the  temperature 
during  the  reaction.  An  amalgam  of  12  parts  of  tin  and  6  parts 
of  mercury  is  powdered,  and  heated  with  7  parts  of  sulphur  and 
6  parts  of  ammonic  chloride  in  a  glass  retort.  Ammonic  chloride, 
mercury  and  sulphur,  along  with  mercuric  sulphide  and  mercurous 
chloride,  volatilise,  and  the  stannic  sulphide  remains  in  the  flask  as 
a  mass  of  golden-yellow  flakes  with  a  metallic  lustre.  It  is  not 
certain  whether  the  ammonic  chloride  takes  part  in  the  reaction  or 
whether  it  acts  merely  by  its  volatilisation. 

Amorphous  stannic  sulphide  is  obtained  as  a  brown  precipitate 
by  passing  sulphuretted  hydrogen  into  an  acid  solution  of  a  stannic 
salt.  After  drying  at  ordinary  temperatures,  it  still  contains  water 
of  hydration,  with  which  it  parts  on  heating. 

Amorphous  stannic  sulphide  dissolves  in  hot  concentrated 
hydrochloric  acid,  and  the  solution  contains  stannic  chloride.  Hot 
concentrated  nitric  acid  also  decomposes  it.  It  is  soluble  in  alka- 
line sulphides  with  formation  of  sulphostannates : — 

SnS"2    +  =  SnS^Ks^; 

Stannic  Potassic  Potassic 

sulphide.  sulphide.  sulphostannate. 

and  in  caustic  alkalies  with  formation  of  a  mixture  of  stannate 
and  sulphostannate : — 

3SiiS"2  +  60KH  =  SnOKoa  +  2SnS"Ks2  +  SOH^. 

Stannic  Potassic  Potassic  Potassic  Water, 

svdphide.  hydrate.  stannate.  sulphostannate. 

Crystalline  stannic  sulphide  is  insoluble  in  all  single  acids,  but 
soluble  in  aqua-regia.  Alkalies  and  alkaline  sulphides  also  dis- 
solve it.  Both  the  varieties  of  stannic  sulpliide  are  decomposed 
at  a  brio-ht  red  heat  into  free  sulphur  and  stannous  sulphide. 


COMPOUNDS  OF  TIN.  ^"^^ 

Crystalline  stannic  sulphide  is  employed  in  the  arts  under  the 
name  of  mosaic  gold  in  the  production  of  imitation  bronze  surfaces. 
It  was  known  to  the  alchemists. 

Sidpliosta7inates.—On\Y  the  alkaline  sulphostannates  are  soluble 
iu  water.  Potassic  sulphostannate  is  uncrystalHsable.  ihe 
sodium  salt,  SnS"Nas2,70H2.  crystaUises  in  yellow  regular  octa- 
hedra. 

DiSTANNOUS     TRISULPI-IIDE    Or     STANNOUS  SULPHOSTANNATE, 

'Sn'"  S"  or  SrLS"Sns". — This  compound  is  prepared  by  heating  to 
low  redness  a  mixture  of  3  parts  of  stannous  sulphide  and  1  part 
of  sulphur.  It  forms  a  greyish-yellow  mass  with  a  metallic  lustre. 
When  treated  with  hot  concentrated  hydrochloric  acid,  one  half  of 
the  tin  goes  into  solution  as  a  stannous  salt,  the  other  half  remain- 
ing behind  as  stannic  sulphide.  This  reaction  would  seem  to 
denote  that  the  substance  is  not,  as  is  frequently  assumed,  a  dis- 
tuict  sulphide  of  tin,  but  a  stannous  sulphostannate. 

All  the  sulphides  of  tin  are  reduced  to  the  metallic  state  when 
heated  to  redness  in  a  current  of  hydrogen. 

General  cuaracter  and  reactions  of  the  salts  of  tin.— 
The  stannous  salts,  when  in  solution,  absorb  oxygen  from  the^  air, 
and  are  converted  into  stannic  salts.    Caustic  alkalies  precipitate 
from  the  solutions  white  stannous  hydrate,  which  is  soluble  in  an 
excess  of  alkali.    When  an  alkaline  solution  of  stannous  oxide  is 
boiled,  metallic  tin  separates  out  and  an  alkaline  stannate  remains 
iu  solution.    Ammonia  and  the  alkaline  carbonates  produce  a 
precipitate  of  stannous  hydrate,  which  is,  however,  not  dissolved 
by  an  excess  of  the  precipitant.    With  sulphuretted  hydrogen  in 
acid  or  neutral  solutions,  the  whole  of  the  tin  is  precipitated  as 
brown  stannous  sulphide,  almost  insoluble  in  colourless  ammonic 
sulphhydrate,  readily  soluble  in  yellow  ammonic  sulphide.  In 
alkaline  solutions  of  stannous  salts  the  precipitate  is  either  not 
formed  at  all  or  else  the  precipitation  is  incomplete.    With  a 
solution  of  auric  chloride  the  stannous  salts  yield,  if  added  in 
small  quantity,  a  purple  precipitate  of  aurostannous  stannate, 
(Sn202Auo2Sno",40H2),  known  o.^  purple  of  Cassius;  an  excess 
of  the  stannous  salt  produces  a  brown  precipitate  of  metallic  gold. 

The  stannic  salts  yield  with  caustic  alkalies  a  white  precipitate 
of  stannic  acid  soluble  in  excess  of  alkali ;  and  the  solution  gives 
no  precipitate  on  boiling.  With  sulphuretted  hydrogen  a  yellow 
precipitate  of  stannic  sulphide  is  formed,  soluble  in  alkalies  and 
alkaline  sulphides. 
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TITANIUM,  Ti. 

Atomic  weight  =        Sp.  gr.  5-3.  Atomicity and  i\  alsd  a  pseudo- 
triad.    Evidence  of  atomicity : — 

Titanous  oxide    Ti"0. 

Titanic  tetrachloride   Ti'^Cl^. 

Dititanic  hexacliloride  /  'J^\9h 

iTlClg- 

History. — Titanium  was  discovered  by  Gregor  in  1789. 

OccMrrejice.— Titanium  is  one  of  the  rarer  elements.  It  is  never 
found  in  the  free  state.  As  titanic  anhydride  (TiO^)  it  occurs  in 
three  rare  minerals— rutile,  anatase,  and  brookite— and  as  feiTous 
titanate  (TiOFeo")  in  titaniferous  iron  ore. 

Preparation.— 1.  Metallic  titanium  is  most  readily  obtained  by 
heating  potassic  titanofluoride  with  potassium  in  a  covered 
crucible : — 

TiK^Fg    +  =    Ti    +  6KF. 

Potassic  Potassic 
titanofluoride.  fluoride. 

On  dissolving  the  product  of  the  reaction  in  water,  the  titanium 
remains  as  a  grey  amorphous  powder. 

2.  It  may  also  be  obtained  in  the  form  of  prismatic  crystals  by 
heating  sodium  in  the  vapour  of  titanic  chloride : — 

TiCl^    +    2Na2    =    Ti    +  4JfaCl. 

Titanic  chloride.  Sodic  chloride. 

Properties. — Amorphous  titanium  forms  a  grey  powder  which, 
when  heated  in  the  air,  or  when  thrown  into  a  flame,  burns  with 
brilliant  scintillations,  forming  titanic  anhydride.  At  ordinary 
temperatures  it  does  not  decompose  water,  but  at  100°  hydrogen  is 
evolved  and  titanic  acid  is  formed  : — 

Ti    +    30H„    =    TiOHo,    +  2H, 


■^2 

Water.  Titanic  acid. 


It  dissolves  in  hydrochloric  and  dilute  sulphuric  acids  with  evolu- 
tion of  hydrogen  and  formation  of  titanous  salts. 

Tlie  following  are  the  names  and  probable  formulte  of  the  chief 
compounds  of  titanium : — 
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CI 

I. 

Titanic  tetrachloride   TiCl4.  CI— Ti— CI. 

CI 
CI  CI 

Dititanic  hexachloride  j^TiC^         — — Ti— CI. 

CI  CI 

Titanous  oxide   TiO.  Ti=0. 


Titanic  oxide  or  anhydride 
(Entile,  Anatase,  Brookite) 


TiO^. 

0 


Titanic  acid  '  TiOHo^.  H— 0— Ti— 0— H. 

Titanic  sulphide   TiS'\. 

Titanic  dinitride   'N'^Ti.  N  N. 

/l\ 

Trititanic  tetranitride   Ti^W\.    N=Ti  Ti  Ti=N. 

Ill 

COMPOUNDS  OF  TITANIUM  WITH  CHLORINE. 

Titanic  chloride,  TiCl4.  Molecular  weight  =  190.  Molecular 
volume  nj'  Sp.  gr.  of  liquid  1-76.  Boils  at  136°. — This  sub- 
stance is  prepared  by  heating  a  mixture  of  titanic  anhydride  and 
finely  divided  carbon  in  a  current  of  chlorine  : — 

TiO^    +    2C    +    2CI2    =    TiCl^    -r  2C0. 

Titanic  Titanic  ^  Carbonic 

anhydride.  chloride.  oxide. 

It  is  a  colourless  strongly  fuming  Liquid,  which  combines  with  a 
small  quantity  of  water  to  form  a  crystalline  compound,  but  is 
decomposed  by  an  excess  of  water  with  separation  of  titanic  acid. 

Dititanic  hexachloride,  \  mT>i'^>  is  fonned  when  a  mixture  of  the  vapour  of  the 
tetrachloride  with  dry  hydrogen  is  passed  through  a  red-hot  tube  : — 

2TiCl4    +    H2    =     iJJgs    +  2HC1. 

Titanic  Dititanic 
chloride.  hexachloride. 
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It  forms  dark  violet  scales,  which  cannot  be  ro-sublimed  without  decomposition 
It  13  dehquesoeut,  and  dissolves  in  wa.er  to  form  a  violet  solution,  which  absorbs 
oxygen  trom  the  air,  and  becomes  colourless. 

COMPOUNDS  OF  TITANIUM  WITH  OXYGEN  AND  HYDROXYL. 

Tiianous  oxide,  TiO,  has  not  been  prepared  in  a  state  of  purity  A  liydrate 
which  has  also  not  been  isolated,  is  formed  as  a  black  precipitate  when  ammonia  is 
added  to  the  soU.tion  of  a  titanous  salt  prepared  by  dissolving  titanium  in  a  dilute 
acid.  On  boilmg  the  liquid  with  the  precipitate,  the  colour  of  the  latter  changes  to 
blue  and  ultimately  to  white,  the  oxide  having  been  converted  into  titanic  acid  at  the 
expense  of  the  oxygen  of  the  water,  whilst  hydrogen  is  evolved. 

Titanic  oxide  or  anhydride,  Ti02.  The  hydrate  of  this  oxide, 
tetralasic  titanic  acid,-  TiHo^,  is  obtained  as  a  white  precipitate 
when  ammonia  is  added  to  a  solution  of  titanic  chloride.  This 
hydrate  possesses  both  basic  and  acid  properties,  combining  both 
with  acids  and  with  alkalies.  When  dried  in  vacuo,  it  parts  with  the 
elements  of  one  molecule  of  water,  and  is  converted  into  the  acid 
TiOHOg.  At  a  higher  temperature  the  rest  of  the  water  is  elimi- 
nated, and  titanic  anhydride  is  left  as  a  white  amorphous  powder, 
which  on  ignition  becomes  denser  and  of  a  dark  reddish-brown 
colour.  Titanic  anhydride  occurs  in  nature  as  rutile,  crystallising 
in  reddish-brown  quadratic  prisms  of  sp.  gr.  4-3  ;  as  anatase  in 
quadi'atic  pyramids,  irreducible  to  the  forms  of  rutile,  and  having 
a  sp.  gr.  of  3-9 ;  and  as  hroohite  in  rhombic  crystals  of  4-1  sp.  gr. 
Titanic  anhydride  is  thus  trimorphous.  It  may  be  obtained  arti- 
ficially in  the  same  forms  by  passing  a  mixture  of  hydrocliloric 
acid  and  steam  over  heated  potassic  titanofluoride.  At  very  high 
temperatures  rutile  is  formed ;  at  temperatures  between  the  boil- 
ing-points of  zinc  and  cadmium,  crystals  of  brookite  are  deposited ; 
whilst  below  tlie  boiling-point  of  cadmium  anatase  is  obtained. 
Titanic  anhydride  is  insoluble  in  alkalies,  and  in  all  acids  except 
hydrofluoric  and  hot  concentrated  sulphuric.  The  titanates  have 
not  been  thoroughly  investigated.  All  the  normal  titanates  are 
insoluble  in  water. 

Dititanic  trioxide,  Ti203,  is  obtained  as  a  black  powder  by  igniting  titanic  anhy- 
dride in  a  current  of  hydrogen.  When  heated  strongly  in  air  it  is  oxidised  to 
titanic  anhydride.  Hydrochloric  and  nitric  acids  ara  without  action  upon  it.  Sul- 
phuric acid  dissolves  it,  yielding  a  violet  solution. 

COMPOUND   OF  TITANIUM  WITH  SULPHUR. 

Titanic  sulphide,  TiS"2,  is  formed  when  a  mixture  of  the  vapour  of  titani(^ 
chloride  with  di-y  sulphuretted  hydrogen  is  passed  through  a  red-hot  lube  : — 
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TiCl^    +    2SH2    =     TiS"2     +  4HC1. 
Titanic    Sulphuretted     Titanic  Hydrochloric 
chloride.     hydrogen.      sulphide.  acid. 

It  forms  bras8-yellow  scales  resembling  mosaic  gold.  It  burns  when  heated  in  the 
air,  yielding  titanic  and  sulphurous  anhydrides.  By  exposure  to  moist  air  it  is 
slowly  decomposed,  with  evolution  of  sulphuretted  hydrogen. 

COMPOUNDS  OF  TITANIUM  WITH  NITROGJEN  AND  WITH 
NITROGEN  AND  CARBON. 

Titanic  dinltride,  'If'sTi,  is  obtamed  by  heating  titanic  anhydride  in  a  current 
of  nitrogen : — 

TiOa    +  2NH3    =    'N"2Ti    +    2OH2    +  Hj. 

It  is  a  dark  violet-coloured  powder  with  a  coppery  tinge. 

A  second  nitride,  TigN^,  trititanic  teiranitride,  is  obtamed  in  the  form  of  a 
copper-coloured  metallic  mass  when  the  double  compound  of  titanic  cliloride  with 
ammonia  (TiCl4,4NH3)  is  heated  in  a  ciu-rent  of  gaseous  ammonia  :— 

3TiCl4      +      4NH3      =      Ti3N4      +  12HC1. 
Titanic  Ammonia.       Trititanic  Hydrochloric 

chloride.  tetranitride.  acid. 

This  compound  was  formerly  mistaken  for  metallic  titanium. 

When  trititanic  tetranitride  is  strongly  heated  in  a  current  of  hydrogen,  a  third 
nitride,  TigNg,  pentatitanic  hexanitride,  is  produced  in  the  form  of  golden-yellow 
scales,  with  a  strong  metallic  lustre. 

All  the  nitrides  of  titanium,  when  heated  with  easily  reducible  oxides,  snch  as 
those  of  copper,  lead,  and  mercury,  deflagrate  brilliantly,  the  oxides  undergoing 
reduction  to  the  metallic  state. 

Titanic  cyanoniteide,  TisNgCCN).— This  remarkable  compound,  which  was 
also  formeriy  mistaken  for  metallic  titanium,  is  frequently  found  in  blast-furnaces 
which  have  been  used  for  smelting  titaniferous  iron.  It  forms  copper-coloured 
metallic  cubes,  which  are  hard  enougli  to  scratch  glass,  and  possess  a  sp.  gr.  of  5-3. 
The  process  by  which  this  substance  is  formed  may  be  imitated  on  a  small  scale  by 
heating  titanic  anhydride,  mixed  with  charcoal,  in  a  current  of  nitrogen : — 

5Ti02    +    lie    +    2N2    =    Tis^aCCN)     -f  lOCO. 
Titanic  Titanic  Carbonic 

anhydride.  cyanonitride.  oxide. 

It  is  insoluble  in  acids.  Heated  in  a  current  of  steam  it  yields  titanic  anhy- 
dride, ammonia,  and  hydrocyanic  acid.  Heated  in  chlorine,  titanic  and  cyanic 
chlorides  are  formed,  whilst  nitrogen  is  liberated. 

General  chakacter  and  eeactions  of  the  titanium  com- 
pounds.—The  titanous  salts  are  unknown  except  in  solution.  With 
alkaline  carbonates  they  yield  a  black  precipitate,  which  becomes 
blue,  and  ultimately  white. 

The  alkaline  titanates  are  of  a  yellowish  colour.  They  are 
insoluble  in  water,  but  soluble  in  hydrochloric  acid.     On  boiling 
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the  hydrochloric  acid  solution,  white  titanic  acid  is  precipitated  • 
ammonia  produces  the  same  effect.  With  microcosmic  salt  the 
titanates  yield  m  the  reducing  flame  of  the  blowpipe  a  violet  ^.lass 
which  becomes  colourless  in  the  oxidising  flame.  * 

ZIRCONIUM,  Zr. 

Atomic  weight  =  90.     Sp.  gr.  415.    Atomicity  ^\    Evidence  of 
atomicity : — 

Zirconic  chloride   ZrCl^. 

Zirconic  fluoride   ZrF^. 

Occurrence. — In  combination  with  silicon  and  oxygen  as  zir- 
conic silicate,  it  forms  the  rare  mineral,  zircon,  SiZroi\ 

Preparation.— Zixcoximra  is  obtained  by  heating  potassic  zir- 
conofluoride  with  potassium  : — 

ZrK^Fg    +  =    Zr    +  6KF. 

Potassic  Potassic 
zirconofluoride.  fluoride. 

On  treating  the  mass  with  dilute  hydrochloric  acid  the  zirconium 
remains  behind  as  a  black  amorphous  powder.  By  employing 
aluminium  to  reduce  the  potassic  zirconofluoride  the  zirconium 
may  be  obtained  in  crystalline  plates. 

Reaction. — When  heated  in  air,  amorphous  zirconium  readily 
burns,  forming  zirconic  oxide.  The  crystallised  variety  is  oxidised 
only  superficially,  even  at  a  white  heat,  but  may  be  burnt  with  the 
aid  of  the  oxyhydrogen  blowpipe. 

Zirconic  chloride,  ZrCl^  {molecular  volume  |  |  1).  is  prepared  like  titanic  chlo- 
ride (p.  361).  It  is  a  white  cryfitalline  mass,  which,  when  treated  with  water, 
yields  an  osychloride  of  the  formiila  ZrOCLjSOHo. — Zirconic  bromide,  ZrBr^,  is 
also  known,  and  resembles  the  chloride  in  its  properties  and  reactions. 

Zirconic  fluoride,  ZrFj,  is  obtained  by  heating  a  mixture  of  zirconic  oxide  and 
fluorspar  to  whiteness  in  a  current  of  gaseous  hydrochloric  acid  : — 

ZrOa      +      2CaFo      +      4HC1      =      ZrP^      +      2CaCl2      +  20H«. 
Zirconic  Calcic        Hydrochloiic     Zirconic  Calcic  Water, 

oxide.  fluoride.  acid.  fluoride.  chloride. 

It  is  a  colourless  crystalline  transparent  substance,  volatile  at  a  white  heat,  and 
soluble  in  a  solution  of  hydrofluoric  acid.  With  the  fluorides  of  the  metals  it 
forms  zirconofluorides,  of  which  the  most  important  is  potassic  zirconofluoride, 
ZrK,Fo. 

Zirconic  oxide,  zirconia,  ZrOo,  is  formed  by  burning  zirconium  in  air,  or  by 
heating  the  hydrate.    It  is  a  white  infusible  powdei-.    When  heated  in  the  osy- 
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hydrogen  blowpipe  it  emits  a  very  intense  ligbt.  Concentrated  sulphuno  acid 
dfssdves  it  with  difficulty.  When  fused  with  alkaUne  carbonates  it  expels  car- 
b  nt  anhydride,  and  combines  with  the  base  to  form  a  zirconate.  On  treating  the 
fu.ed  mass  with  water,  the  zireonate  is  decomposed,  and  zvrcomc  hydrate  ZrHo,, 
separates  out  as  a  voluminous  precipitate.  The  san>e  precipitate  is  obtained  by 
adcUng  ammonia  to  the  cold  solution  of  a  salt  of  zirconium.  It  dissolves  readdy  in 
dihite  acids  When  ammonia  is  added  to  a  hot  solution  of  a  zirconium  salt  a  hy^raf  e 
of  the  formula  ZrOHoo  is  precipitated.  This  second  hydrate  dissolves  with  diffi- 
culty in  acids.  ■,  .      v ,  •  ■ 

The  method  of  fusing  with  an  alkaUne  carbonate  is  employed  in  obtaining  zir- 

ponia  from  its  minerals. 

THOmiTM,  Th. 

Atomic  weight  =  233-4.    Sp.  gr.  11-23.    Atomicity  .  . 

Occurrence.— 'nas  substance  is  of  even  rarer  occurrence  than  zirconium.  It  is  a 
constituent  of  the  very  rare  minerals  thorite,  monazite,  and  eiixenite. 

Preparation.— It  may  be  obtained  as  a  dark  grey  powder  by  heating  thoric 
chloride  with  potassium  or  sodium. 

The  following  are  some  of  its  principal  compounds  : — 

Thoric  chloride   ■  •  •  •  Th.Cl4. 

Thoric  fluoride   TI1F4 ,40H2. 

Potassic  thorofluoride   ThK2Fg,20ll2. 

Thoric  oxide,  thoria    Th02. 

Thoric  silicate  {thorite)   SiTho'^,20H:2. 


CHAPTEE  XXX: 

PENTAD  ELEMENTS. 

Section  I  {Continued  from  Chapter  XXVI). 

PHOSPHORUS,  P4. 

Atomic  weif/ht  =  31.  Molecular  weight  =  124  Molecular  volume 
m-  1  litre  of  phosphorus  vapoior  weighs  62  o'iths.  Sp.  gr. 
1-83.  Fuses  at  44—45°.  Boils  at  290°.  Atomicity  "',  and  ^\ 
Evidence  of  atomicity : — 

Phosphorous  hydride   P'^Hg. 

Phosphorous  chloride    P'^Cl,. 

Phosphoric  chloride   P^Clg. 

Phosphonic  iodide   P^H^I. 

Phosphoric  fluoride    . .  . . ,   P^I's- 
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-fftsifor^.— Phosphorus  was  discovered  in  1669  by  Brand  an 
alchemist  of  Hamburg,  who  obtained  it  by  evaporating  urine  to 
dryness,  and  distiHing  the  residue  with  sand.  The  process  was 
kept  secret;  but  in  1680  Boyle  succeeded  in  preparing  phosphorus 
employmg  the  same  method.  In  1769  Gahn  showed  that  calcic 
phosphate  IS  a  constituent  of  bones,  and  in  1771  Scheele  published 
a  method  of  obtaining  phosphorus  from  this  source. 

Ocmrrence.—VhosiphoTus  is  never  found  in  the  free  state  in 
nature.  It  generally  occurs  combined  with  oxygen  and  a  metal 
to  form  a  phosphate.  The  principal  naturally  occurring  phosphates 
are  osteoHte  (estramadurite,  sombrerite)  or  calcic  phosjiJiaie, 
pQCao^g,  and  apatite  or  calcic  chlorophospJmte,  (PO)'"3Cao"4(OCaCl). 
Calcic  phosphate  is  widely  distributed  in  smaU  quantities  as  a 
constituent  of  the  primitive  rocks,  by  the  disintegration  of  which 
it  passes  into  the  soil.  From  the  soil  the  phosphorus  is  absorbed 
by  plants,  where  it  accumulates  chiefly  in  the  seed.  From  plants 
it  passes  into  the  bodies  of  animals,  in  which  it  is  found  in  still 
greater  quantity.  Calcic  phosphate  forms  the  chief  inorganic 
constituent  of  the  bones,  whilst  phosphorus  in  complex  organic 
combinations  is  always  present  in  the  substance  of  the  nerves  and 
brain,  and  in  smaller  quantity  in  the  other  tissues.  In  the  slow 
oxidation  of  the  living  animal  substance  which  is  constantly  going 
on,  the  phosphorus  is  eliminated  in  the  urine  as  phosphates  of 
sodium,  potassium,  and  magnesium. 

Preparation. — 1.  Calcined  bones,  which  consist  of  calcic  phos- 
phate with  a  slight  admixture  of  calcic  carbonate,  are  digested 
with  sufficient  sulphuric  acid  to  decompose  the  whole  of  the 
carbonate  and  two-thirds  of  the  phosphate.  In  this  way  the 
tricalcic  diphosphate  is  converted  into  tetrahydric  calcic  diphos- 
phate : — 

P202Cao"3    -h    2SO2HO2    =    P202Ho4Cao"   +  2^0^Qko". 

Tricalcic  diphos-  Sulphuric  Tetrahydric  calcic  Calcic 

phate  (Bone-ash).  acid.  diphosphate.  sulphate. 

The  tetrahydric  calcic  diphosphate  is  extracted  with  water 
from  the  calcic  sulphate,  evaporated  to  a  syruj),  mixed  witli 
charcoal,  and  heated  to  dull  redness  in  an  iron  pot,  stirring  aU  the 
time.  Under  the  influence  of  heat  the  tetrahydric  calcic  diphos- 
phate parts  with  water,  and  is  converted  into  calcic  metaphosphate, 
which  is  thus  obtained  intimately  mixed  with  charcoal : — 
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P^O^Ho.Cao"    =    P^O^Cao"    +  20B.^. 

Tetrahydric  calcic  Calcic  "Water, 

diphospliate.  metaphosphate. 

The  mixture  is  then  transferred  to  earthenware  retorts  and 
heated  to  bright  redness,  when  the  following  reaction  takes 
place : — 

3PACao"    +    IOC    =    P202Cao"3    +    lOCO    +  1^. 

Calcic  Tricalcic  Carbonic 

metaphosphate.  diphosphate.  oxide. 

The  phosphorus  distils  over,  and  is  collected  under  water,  whilst 
the  carbonic  oxide  escapes,  carrying  with  it  a  small  quantity  of 
phosphorus  vapour,  which  causes  it  to  inflame  on  coming  in  contact 
with  the  air.  The  apparatus  employed  in  this  distillation  varies 
in  different  factories :  one  form  is  shown  in  Fig.  46. 

"Ftg.  4fi. 
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The  explanation  of  the  process  is  as  follows.  Normal  salts  of 
tnbasic  phosphoric  acid  are  not  acted  upon  when  heated  with 
charcoal,  but  phosphoric  anhydride,  under  these  circumstances  is 
readily  reduced.  If  we  regard  a  salt  as  a  compound  of  anhydride 
and  base,  it  will  be  seen  that  the  salts  of  monobasic  phosphoric 
acid  contain  more  anhydride  in  proportion  than  the  tribasic  acid 
Thus : — 

SP^O.Cao"    =    T.O^Cao'^    +  2P,0 


2^5- 


The  reduction  takes  place  to  the  extent  of  the  excess  of  anhydride 
above  what  is  necessary  for  the  formation  of  tricalcic  diphosphate 
Accordingly,  in  the  above  process  two-thirds  of  the  phosphorus 
present  are  reduced. 

Sombrerite,  an  impure  calcic  phosphate  found  in  the  West 
Indies,  is  frequently  substituted  for  bone-ash. 

2.  If  sand  be  added  to  the  mixture  in  the  above  distillation, 
calcic  silicate  is  formed,  and  the  whole  of  the  phosphorus  is 
expelled  (Wohler) : — 

2P204Cao''  -f  IOC  +  2Si02  =  2SiOCao"  -f  lOCO  +  I\. 

Calcic  SiHeic  Calcic  Carbonic 

metaphosphate.  anhydride.  silicate.  oxide. 

3.  If  a  mixture  of  bone-ash  and  charcoal  be  heated  to  redness 
in  a  current  of  gaseous  hydrochloric  acid,  the  whole  of  the  phos- 
phorus is  liberated  and  calcic  chloride  remains  (Cary-Montrand)  :— 

P^O^Cao^g  +  Cs       6HC1  =  3CaCl2  -|-  SCO  +  3IL^  +  P^. 

Tricalcic  Hydrochloric       Calcic  Carbonic 

diphosphate.  acid.  chloride.  oxide. 

This  process  has  not,  however,  proved  successful  on  a  manu- 
facturing scale. 

The  crude  phosphorus  is  always  contaminated  by  particles  of 
charcoal  and  other  impurities  carried  over  during  the  distillation. 
From  these  it  is  freed,  either  by  fusing  it  under  water  and  pressing 
it  through  wash-leather  bags,  or  by  partially  oxidising  it  with  a 
mixture  of  potassic  dichromate  and  sulphuric  acid.  The  oxidation 
is  attended  with  effervescence,  which  causes  the  impurities  to  rise 
to  the  surface,  leaving  the  phosphorus  pure.  The  purified  phos- 
phorus is  cast  into  sticks. 

Properties. — Phosphorus  exists  in  several  allotropic  modifica- 
tions. 
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Common  or  octahedral  phosphorus,  the  modification  obtained  in 
the  processes  above  described,  is,  wlicn  freshly  prepared,  a  colour- 
less transparent  soHd.  Very  frequently,  however,  it  displays  a 
faint  yellowish  tinge  due  to  the  presence  of  some  impurity.  It  has 
a  sp.  gr.  of  1*8 3.  It  is  a  non-conductor  of  electricity.  At  ordinary 
temperatures  it  may  be  cut  with  a  knife  like  wax,  but  about  0°  it 
becomes  brittle.  At  a  temperature  of  44 — 45°  it  fuses  to  a  colour- 
less oily  liquid,  which  readily  retains  its  fluidity  several  degrees 
below  its  solidifying  point.  It  boils  at  290°.  The  molecular  weight 
of  phosphorus,  deduced  from  the  vapour-density,  is  124,  showing 
that  the  molecule  of  phosphorus  consists  of  four  atoms ;  and  this 
tetratomic  molecule  does  not  break  up  even  at  a  temperature  of 
1040°  (Deville  and  Troost) ;  but  at  a  higher  temperature,  the 
vapour-density  has  a  value  lying  between  the  values  required  for 

and  respectively,  showing  that  a  partial  dissociation  has 
taken  place  (Victor  Meyer). 

Phosphorus  is  a  very  inflammable  substance,  igniting  in  the 
air  a  few  degrees  above  its  fusing-point.  For  this  reason  it  must 
always  be  preserved  and  cut  under  water.  Under  the  influence  of 
air  and  light  it  becomes  covered,  when  kept  under  water,  with  a 
white  opaque  crust,  due  to  a  partial  oxidation^  It  ought  therefore 
to  be  kept  in  the  dark. 

When  exposed  to  the  air  at  ordinary  temperatures  phosphorus 
undergoes  slow  oxidation,  and  gives  off  a  white  vapour,  which  has 
a  powerful  odour  of  garlic.  In  a  dark  room  both  the  phosphorus 
and  the  vapour  are  luminous  with  a  greenish- white  light.  At  a 
few  degrees  below  0°  the  oxidation  and  the  luminosity  cease.  In 
pure  oxygen  under  ordinary  pressures  phosphorus  is  not  luminous 
at  temperatures  below  15°;  but  by  rarefying  the  oxygen,  or 
adding  some  inactive  diluent,  such  as  nitrogen,  hydrogen,  or  car- 
bonic anhydride,  the  phosphorus  again  becomes  luminous.  The 
luminosity  of  phosphorus  in  air  is  also  prevented  by  the  presence 
of  minute  traces  of  certain  gases  or  vapours,  such  as  olefiant  gas, 
sulphuretted  hydrogen,  and  turpentine.*  Wlien  phosphorus  is 
exposed  to  the  air  in  large  quantities,  the  heat  of  oxidation  is 
frequently  sufficient  to  melt,  and  finally  to  ignite,  the  mass.  The 
same  effect  is  produced  by  exposing  phosphorus  to  the  air  in  a 
finely  divided  condition,  so  as  to  increase  the  oxidisable  surface. 
Xhis  may  be  shown  by  pouring  a  solution  of  phosphorus  in  carbonic 

*  According  to  Chappuis,  the  luminosity  of  phospliorus  depends  upon  the  pre- 
Benc3  of  ozone.    Substances  which  destroy  ozone  prevent  the  luminosity. 
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disulphicle  upon  filtering  paper,  and  'allowing  the  liquid  to 
evaporate.  In  the  dark  the  paper  becomes  brightly  luminous,  and 
at  last  bursts  into  flame. 

Phosphorus  is  insoluble  in  water,  slightly  soluble  in  ether, 
turpentine,  and  benzene,  readily  soluble  in  disulphur  dichloridei 
phosphorous  chloride,  and  carbonic  disulphide.  One  part  by  weight 
of  the  latter  solvent  dissolves  from  seventeen  to  eighteen  parts*' of 
phosphorus.  By  the  spontaneous  evaporation  of  this  solution  it 
may  be  obtained  in  transparent  crystals  belonging  to  the  regular 
system,  generally  octahedra  or  rhombic  dodecahedra.  When 
phosphorus  is  kept  in  the  dark  in  sealed  vacuous  tubes,  it 
spontaneously  sublimes,  and  is  deposited  on  the  sides  of  the  tubes 
in  very  lustrous  and  perfect  crystals. 

Phosphorus  may  be  finely  granulated  by  melting  it  under 
water,  and  agitating  until  it  solidifies  again.  The  addition  of 
a  small  quantity  of  urea  to  the  water  prevents  the  adhesion  of  the 
granules,  and  by  this  means  a  higher  degree  of  subdivision  is 
attained. 

Phosphorus  is  an  exceedingly  poisonous  substance.  Even  the 
fumes  have  a  very  deleterious  action  when  inhaled,  producing 
caries  of  the  bones  of  the  jaw. 

Bed  or  AmooyJious  Phosphorus. — This  variety  was  discovered 
by  Schrotter  in  1845.  It  is  formed  when  ordinary  phosphorus  is 
exposed  to  the  action  of  heat  or  light  in  an  atmosphere  devoid  of 
oxygen.  It  is  best  prepared  by  heating  phosphorus  for  some  time 
in  a  closed  vessel  to  230 — 250°.  On  a  manufacturing  scale,  iron 
vessels  are  employed  for  this  purpose,  and  it  is  not  necessary  to 
fill  the  apparatus  with  any  artificial  atmosphere,  as  the  oxygen  is 
speedily  removed  from  the  air  by  the  combustion  of  a  small  por- 
tion of  the  phosphorus.  Any  rise  of  temperature  above  250°  must 
be  carefully  avoided,  since  at  260°  amorphous  phosphorus  is  recon- 
verted into  the  ordinary  modification,  the  change  being  accom- 
panied with  evolution  of  heat  and  taking  place,  in  the  case  of  large 
quantities,  with  explosive  violence.  Amorphous  phosphorus  is, 
however,  formed  when  ordmary  phosphorus  is  heated  under  pres- 
sure in  closed  iron  vessels  to  300°,  the  change  taking  place  in  a 
few  minutea 

WheA  ordinary  phosphorus  is  heated  with  a  small  quantity  of 
iodine  or  selenium,  an  iodide  or  selenide  is  formed,  and  the  excess 
of  phosphorus  is  instantaneously  converted  into  the  red  variety. 

Amorphous  phosphorus,  prepared  by  any  of  the  above  methods, 
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invariably  contains  a  small  quantity  of  white  phosphorus,  the 
presence  of  which  renders  the  product  dangerously  inflammable. 
From  this  it  may  be  freed  by  grinding  the  crude  amorphous  phos- 
phorus under  water,  and  subsequently  treating  it  with  carbonic 
disulphide,  which  dissolves  the  unaltered  phosphorus,  or  still  more 
advantageously  by  boiling  with  caustic  soda  (see  Phoqolwretted 
Hydrogen).  Thus  purified,  amorphous  phosphorus  forms  a  reddish- 
brown  powder  of  sp.  gr.  215.  It  is  devoid  of  taste  and  smell,  is 
not  poisonous,  may  be  exposed  to  the  air  for  any  length  of  time 
without  undergoing  change,  and  is  not  luminous  in  the  dark. 
When  heated  it  does  not  fuse,  and  inflames  in  the  air  only  at  a 
temperature  of  260°,  being  converted  at  the  same  time  into  ordi- 
nary phosphorus.  It  is  insoluble  in  the  solvents  which  dissolve 
ordinary  phosphorus,  such  as  carbonic  disulphide  and  sulphur 
chloride.    It  conducts  electricity  feebly. 

Ehorribohedral  PJwsphorus.  —  This  variety  is  obtained  when 
phosphorus  is  heated  with  metallic  lead  in  sealed  tubes  for  eight 
or  nine  hours  to  a  temperature  below  redness.  On  dissolving  the 
cooled  lead  in  dilute  nitric  acid,  small,  well-defined,  violet-black 
rhombohedra,  having  a  sp.  gr.  of  2-34,  remain.  This  modification 
may  also  be  obtained  by  heating  amorphous  phosphorus  under 
pressure  to  580°. 

According  to  some  chemists  red  phosphorus  and  rhombohedral 
phosphorus  are  identical, 

A  fourth  modification,  obtained  as  a  black  mass  by  quickly 
cooling  melted  phosphorus,  has  been  described ;  but  it  has  been 
shown  that  this  substance  is  produced  only  when  metals  are 
present,  the  colour  being  due  to  the  formation  of  metallic  phos- 
phides. 

Reactions. — Owing  to  its  affinity  for  oxygen,  phosphorus  acts 
as  a  powerful  reducing  agent.  Platinum,  gold,  silver,  and  copper 
are  deposited  in  the  metallic  state,  when  white  phosphorus  is  left 
in  contact  with  the  solutions  of  their  salts.  When  sodic  carbonate 
is  heated  to  redness  with  phosphorus,  the  carbonic  anhydride  is 
reduced  and  carbon  is  set  free.  When  dry  finely  divided  phos- 
phorus is  mixed  with  substances  which  readily  part  with  oxygen, 
such  as  potassic  chlorate  or  metallic  peroxides,  very  slight  friction 
IS  sufficient  to  cause  the  explosive  oxidation  of  the  phosphorus. 
_  The  other  reactions  of  phosphorus  will  be  described  in  connec- 
tion with  its  compounds. 

?7ses.— Phosphorus  is  employed  chiefly  in  the  manufacture  of 
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lucifer  matches.  lu  the  commoner  sorts,  tlie  matches  are  tipped 
first  with  sulphur,  and  then  with  a  mixture  of  phosphorus  and 
potassic  clilorate  made  into  a  paste  with  glue.  They  ignite  by 
friction  on  any  rough  surface.  The  sulphur  serves  to  transmit  the 
combustion  from  the  phosphorus  to  the  wood.  Nitre  is  frequently 
substituted  for  potassic  chlorate,  as  the  matches  thus  prepared 
ignite  more  quietly;  whHst,  in  order  to  get  rid  of  the  disagi-eeable 
smell  of  burning  sulphur,  this  substance  is  replaced  by  paraffin. 
In  the  safety  matches  the  phosphorus  is  separated  from  the  other 
inflammable  materials.  The  matches  are  tipped  with  a  mixture  of 
potassic  chlorate,  potassic  diehromate,  red  lead,  and  antimonious 
sulphide,  and  are  ignited  by  friction  on  a  prepared  surface  coated 
with  amorphous  phosphorus  and  antimonious  sulphide.  These 
matches  do  not  readily  ignite  on  an  unprepared  surface,  but  by 
rubbing  them  rapidly  over  a  smooth  slate,  or  a  sheet  of  ground 
glass,  they  may  be  inflamed. 

COMPOUNDS  OF  PHOSPHORUS  WITH  HYBBOGHK 

Phosphorus  forms  with  hydrogen  three  compounds.  These 
cannot  be  obtained  by  the  direct  combination  of  their  elements. 

Solid  phosphoretted  hydrogen   |^P(P"'Hj"' 

Liquid         „  „    '^"2^4- 

Gaseous       „  ^,    PHg. 


GASEOUS  PHOSPHORETTED  HYDROGEN, 

PhospJmie. 

H 


PH3. 


H— P— H 


Molecular  weight  =  34.    Molecular  volume  !  I  I-    1  litre  weighs  17 
criths. 

Preparation. — 1.  Phosphoretted  hydrogen  may  be  obtained  by 
heating  hypojphosphorous  acid : — 

2PHH02    =    PH3    +  POH03. 

Hypopliospliorous    Phosphoretted  Phosphoric 
acid.  liydrogen.  acid. 


GASEOUS  PHOSPIIOIIETTED  HYDROGEK. 


373 


2.  A  similar  decomposition  occurs  when  phosphorous  acid  is 
lieated : — 

4PH03    =    PH3    +  SPOHOjj. 

Phosphorous     Phosplioretted  Phosphoric 
acid.  hydrogen.  acid. 

3.  When  phosphorus  is  heated  with  a  solution  of  sodic  or 
potassic  hydrate,  phosphoretted  hydrogen  is  evolved,  whilst  an 
alkaline  hypophosphite  remains  in  the  retort : — 

SONaH    +  +    3OH2    =    SPHHoNao    +  PH3. 

godic  Water.  Sodic  Phosphoretted 

hydmte.  hypophosphite.  hydrogen. 

Tlie  gas  prepared  hy  this  process  contains  free  hydrogen  and 
liquid  phosphoretted  hydrogen,  the  presence  of  this  latter  substance 
rendering  the  gas  spontaneously  inflammable  in  contact  with  air. 
By  employing  an  alcoholic  solution  of  caustic  alkali,  a  gas  is 
obtained  which  does  not  inflame  spontaneously,  the  liquid  phos- 
phoretted hydrogen  remaining  in  this  case  dissolved  in  the 
alcohol. 

4.  Phosphoretted  hydrogen  is  evolved  when  calcic  phosphide  is 
.  treated  with  water : — 

P^Cag    +    6OH2    =    2PH3    +  3CaHo2. 

Tricalcie  Water.        Phosphoretted  Calcic 

diphosphide.  hydrogen.  hydrate. 

The  gas  is  also  in  this  case  contaminated  with  the  vapour  of 
liquid  phosphoretted  hydrogen. 

5.  Pure  phosphoretted  hydrogen  is  most  readily  obtained  by 
allowing  concentrated  caustic  potash  to  drop  very  gradually  upon 
phosphonic  iodide  {q.v.)  contained  in  a  flask : — 

PH4I    +    OKH    =    PH3    +    KI    +  OH2. 

Phosphonic  Potassic       Phosphoretted    Potassic  Water, 

iodide.  hydrate.  hydrogen.  iodide. 

Properties. — Phosphoretted  hydrogen  is  a  colourless  gas  possess- 
ing an  odour  resembling  that  of  garlic.  It  is  combustible  in  air  or 
oxygen,  burning  with  a  very  brilliant  white  light  and  evolving  a 
cloud  of  phosphoric  acid.  When  pure  it  is  not  spontaneously  in- 
flammable ;  but  the  presence  of  a  small  quantity  of  the  vapour  of 
liquid  phosphoretted  hydrogen  (Y'^^  in  the  gas  suffices  to  im- 
part to  it  this  property,  of  which  it  may  again  be  deprived  by 
leaving  it  in  contact  with  finely  divided  charcoal,  which  absoi'bs 
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the  liquid  compound,  or  by  exposing  it  to  the  action  of  sunlight 
by  which  the  liquid  compound  is  decomposed.  On  the  other  hand 
the  pure  gas  may  be  rendered  spontaneously  inflammable  by  tlie 
addition  of  a  trace  of  nitrous  anhydride. 

If  the  pure  gas  be  mixed  with  oxygen,  no  action  is  observed  • 
but  on  suddenly  rarefying  the  mixture,  combination  takes  place  with 
explosion.  This  phenomenon  is  possibly  allied  to  that  of  the 
luminosity  of  phosphorus  in  rarefied  oxygen. 

If  the  spontaneously  inflammable  gas  be  allowed  to  bubble 
through  water,  each  bubble,  on  escaping  into  the  aii-  and  inflaming 
forms  a  smoke-ring  of  phosphoric  acid. 

Phosphoretted  hydrogen  is  a  highly  poisonous  gas.  When 
inhaled,  even  in  a  very  diluted  condition,  it  produces  dififlculty  iu 
breathing  and  ultimately  death. 

Beadions.—l.  By  combustion  iu  oxygen  it  yields  metaplios- 
phoric  acid  and  water, 

PH3    +    2O2    =    PO.Ho    +  OH^. 

Phosphoretted  Metaphosplioric  Water, 

hydrogen.  acid. 

2.  In  contact  with  chlorine  it  forms  phosphoric  chloride  and 
hydrochloric  acid : — 

PH3    +    4CI2    =    PCI5    +  3HC1. 

Pliosphoretted  Phosphoric  Hydrochloric 

hydrogen.  chloride.  acid. 

3.  Wlien  passed  through  a  solution  of  cupric  sulphate  it  pro- 
duces a  black  precipitate  of  cupric  jDhosphide  : — 

2PH3    +    SSO^Cuo"    =    P2Cu"3    +  3SO2H02. 

Phosphoretted  Cupric  Cuprio  SiJphuric 

hydrogen.  sulphate.  phosphide.  acid. 

4.  When  passed  through  a  solution  of  argentic  nitrate,  metalho 
silver  is  deposited,  whilst  nitric  and  phosphoric  acids  are 
formed  : — 

PH3    +    8N02Ago    +    4OH2    =  POH03 

Phosphoretted  Argentic  Water.  Phosphoric 

hydrogen.  nitrate.  acid. 


+    4Ag2    +  8NO2H0. 

Nitric 
acid. 


•  5.  It  unites  directly  with  hydrochloric,   hydrobromic,  and 
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hydriodic  acids,  when  the  dry  gases  are  brought  together,  forming- 
compounds  analogous  to  the  haloid  salts  of  ammonium  :— 
PH3     +      HBr      =  PH.Br. 

Phosphoretted      Hydrobromic  Phosphonic 
hydrogeu.  acid.  bromide. 

Phosphoretted  hydrogen  and  hydrochloric  acid  unite  only  under 
the  influence  of  pressure  and  cold  (Ogier). 

Phosphonic  iodide  is  also  formed  by  the  action  of  iodine  on 
phosphoretted  hydrogen.  The  reaction  takes  place  in  two 
stages : — 

PH3    +  =    PI3    +  3HI; 

Phosphoretted                   Phospliorus  Hydriodic 

hydrogen.                          iodide.  acid. 

and 

PH3  +      HI      =  PHJ. 

Phosphoretted        Hydriodic  Phosphonic 
hydrogen.  acid.  iodide. 

Phosphonic  iodide  is,  however,  most  conveniently  prepared  by 
the  following  method  (A.  W.  Hofmann) :  10  parts  of  phosphorus 
are  dissolved  in  carbonic  disulphide  in  a  retort,  and  17  parts  of 
iodine  are  gradually  added,  cooling  during  the  operation.  The 
carbonic  disulphide  is  then  distilled  off,  a  stream  of  dry  carbonic 
anhydride  being  finally  passed  through  the  apparatus  to  remove 
the  last  traces  of  the  carbonic  disulphide,  and  6  parts  of  water  are 
very  slowly  added  by  means  of  a  dropping-funnel.    A  violent 
reaction  takes  place,  the  heat  of  which  volatilises  the  phosphonic 
iodide  as  it  is  formed.    Towards  the  close,  heat  is  applied  to  the 
retort.    A  slow  stream  of  carbonic  anhydride  must  be  passed 
■through  the  apparatus  during  the  whole  operation,  in  order  to  pre- 
vent the  entrance  of  air,  which  might  otherwise  occasion  an  explo- 
sion.   The  phosphonic  iodide  condenses  in  large  lustrous  quadratic 
crystals  in  a  wide  tube  attached  to  the  neck  of  the  retort. 

The  following  equation  expresses  the  reaction : — 

13P  +   91    -f-    21OH2  =   7PH4I  +   2HI   -t-  3P2O3H04. 

Water.  Phosphonic     Hydriodic  Pyrophosplioric 

iodide.  acid.  acid. 

Phosphonic  iodide  is  employed  in  the  laboratory  as  a  powerful 
reducing  agent,  available  particularly  at  high  temperatures. 

Composition. — When  a  series  of  electric  sparks  is  passed 
through  phosphoretted  hydrogen,  it  is  gradually  decomposed  into 
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Its  elements.    The  spark  should  pass  between  carbon  points  since 
when  platmum  as  employed,  a  fusible  phosphide  of  platimrT^ 
ormed  w  nch  melts,  putting  an  end  to  the  experiment  7t 
found  that  two  volumes  of  phosphoretted  hydrogen  yield  thr 
volumes  of  hydrogen  when  thus  treated.    Expressed  in  Utl :  - 

2  litres  of  phosphoretted  hydrogen  weigh  . .     34  criths 
Deduct  weight  of  3  litres  of  hydrogen   3 

There  remain  ...  ^ 

which  is  the  weight  of  1  litre  of  phosphorus  vapour.  Therefore 
^  volume  ot  phosphorus  vapour  in  combination  with  3  volumes  of 
hydrogen  yields  2  volumes  of  phosphoretted  hydrogen,  or  31  parts 
by  weight  of  phosphorus  combine  with  3  parts %;  weitht 
hydrogen  to  form  this  compound,  and  its  formula  is,  theWe 


LIQUID  PHOSPHORETTED  HYDROGEN. 

H  H 

rPH„ 


H  H 

Molecular  weight  =  66.     Molecular  volume  □□•     1  litre  of  the. 
vapo%ir  weighs  33  criiJis. 

Preparation.— This  compound  is  formed  along  with  gaseous 
phosphoretted  hydrogen  by  the  action  of  water  at  a  temperature 
of  60—70°  on  calcic  phosphide,  obtained  by  passing  the  vapour  of 
phosphorus  over  lime  heated  to  redness  (see  Calcic  Phosphide). 
This  latter  substance  probably  contains,  in  addition  to  calcic  pyro- 
phosphate, a  mixture  of  dicalcic  diphosphide  ('P"2Ca"o)  and  tri- 
calcic  diphosphide  (P^Ga"^),  and  from  these  two  phosphides  the 
liquid  and  the  gaseous  phosphoretted  hydrogens  are  respectively 
formed : — 

'P^Ca",    +    40H,    =    T",H,    +  2CaHo,. 

Dicalcic  Water.  Liquid  phos-  Calcic 

diphosphide.  phoretted  hydrogen.  hjdrate. 

(For  the  formation  of  gaseous  phosphoretted  hydrogen  from  tri- 
calcic  diphosphide,  see  p.  373.)    The  gas  evolved  is  passed  thi-ough 
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a  U-tube  immersed  in  a  freezing-mixture,  and  in  this  the  liquid 
compound  condenses. 

Froperties.— It  is  a  colourless,  powerfully  refracting  liquid 
wliicli  inflames  instantly  in  contact  with  air. 

Reaction. — By  exposure  to  sunlight,  or  by  contact  with  hydro- 
chloric acid,  it  is  decomposed  into  solid  and  gaseous  phosphoretted 
hydrogens : — 

=    6PH3    +  {p^pL'^H)-- 

Liquid  phospho-  Graseous  pliospho-  Solid  phospho- 
retted liydrogen.    retted  hydrogen.      retted  hydrogen. 

HI 

The  hydrochloric  acid  suffers  no  change.  A  very  small  quantity 
of  the  acid  therefore  suffices  to  decompose  a  practically  unlimited 
quantity  of  the  phosphorus  compound. 

SOLID  PHOSPHORETTED  HYDROGEN. 

rp(P"'H)"p 

1P(P"'H)"'^ 

Molecular  iveight  =  126  ? 

Preparation. — Solid  phosphoretted  hydrogen  is  obtained  by  dissolving  calcic 
phosphide  in  concentrated  hydrochloric  acid,  or  by  the  action  of  light  upon  tlie 
liquid  phosj)horetted  hydrogen. 

Properties. — It  forms  a  yellow  powder  which  tui-ns  darker  on  exposure  to  light. 
When  strongly  heated  in  an  atmosphere  of  carbonic  anhydride,  it  is  decomposed 
into  its  elements.  It  is  doubtful  whether  this  substance  has  ever  been  prepared  in 
a  state  of  purity,  and  its  exact  composition  is  uncertain. 

COMPOUNDS  OF  FEOSFHOBUS  WFTH  THE 
HALOGENS. 


Phosphorous  chloride   ^^^Ig. 

Phosphoric  chloride   PCI5. 

Phosphorous  bromide   P^i's- 

Phosphoric  bromide   P^^^s- 

Diphosphorous  tetriodide   <  pj^. 

Phosphorous  iodide  . . . .  ,   PJ3. 

Phosphoric  fluoride   PF5. 
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PHOSPHOROUS  CHLORIDE. 

CI 


PCI3.  I 

CI— P— CI 

Molecular  weight  =  137-5.  Molecular  volume  DO]-  1  litre  of 
phosplwrous  tHchloride  vapour  weighs  68-75  criths  Sv  ar 
1-613.    Boils  at  76°.  '       ^  ' 

Preparation.-T\xis  compound  is  obtained  by  heating  amor- 
phous phosphorus  in  a  retort  whHst  a  current  of  dry  chlorine  is 
passed  over  it  through  the  tubulure.  The  phosphorous  chloride 
distils  off  as  fast  as  it  is  formed,  and  coUects  in  a  cooled  receiver 
In  order  to  free  it  from  pentacliloride,  it  is  redistilled  over  ordi- 
nary phosphorus. 

_  Properties.— Phosphorous  chloride  is  a  colourless  fuming  liquid 
with  a  very  pungent  odour.    It  does  not  solidify  at  -  115°. 

Reactions.—!.  With  water  it  yields  hydrociiloric  and  phos- 
phorous acids : — 

PCI3    +    30H,    =    3HC1    +  PH03. 

Phosphorous         Water.         Hydrochloric  Phosphorous 
cl'loricle.  acid.  acid. 

2.  With  sulphuretted  hydrogen  it  forms  hydrochloric  acid  and 
X)hosphorous  sulphide : — 

2PCI3    -H    3SH2    =    6HC1    +  P^S'V 

Phosphorous      Sulphuretted     Hydrochloric  Phosphorous 
clilonde.  hydrogen.  acid.  sulphide. 


PHOSPHORIC  CHLORIDE. 

CI 

PCI5.       CI— P— CI 
CI  CI 

Molecular  weight  =  208-5.  Molecidar  volume  CD-  1  litre  of  un- 
dissociated  phosphoric  chloride  vapour  lueighs  104-25  critlis. 
Volatilises  below  100°. 

Preparation. — Phosphoric  chloride  is  formed  by  the  direct 
union  of  the  trichloride  with  chlorine.    A  stream  of  dry  cliloriue 
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is  passed  on  to  the  surface  of  the  trichloride  contained  in  a  flask 
cooled  by  water.  Great  heat  is  evolved  in  the  reaction.  The 
liquid  ultimately  solidifies  to  a  crystalline  mass. 

Froperties.—Vlios^honc  chloride  is  a  crystalline  powder  with  a 
faint  yellowish  tinge.  It  fumes  in  contact  with  moist  air,  and 
possesses  a  very  irritating  odour.  It  sublimes  readily,  but  cannot 
be  fused  under  ordinary  pressure.  In  a  sealed  tube,  under  the 
pressure  of  its  own  vapour,  it  fuses  at  148°,  and  on  cooling,  solidifies 
in  prismatic  crystals.  At  higher  temperatures  it  possesses  a 
vapour-density  only  half  as  great  as  is  required  for  the  molecular 
weight  corresponding  to  the  formula  PCI5,  the  reason  of  this  being 
that  the  compound  undergoes  dissociation  into  PCI3  and  CI2  (Iii- 
troduction,  p.  39).  This  dissociation  is  only  partial  at  lower 
temperatures,  and  its  progress  may  be  traced  by  means  of  the 
change  of  colour  which  the  vapour  undergoes  as  the  temperature 
rises,  phosphoric  chloride  yielding  a  colourless  vapour  which 
becomes  yellowish-green  as  the  proportion  of  free  chlorine  in- 
creases. This  dissociation  is  to  a  great  extent  checked  by  allowing 
the  phosphoric  chloride  to  volatilise  in  an  atmosphere  of  phos- 
phorous chloride  vapour,  and  in  this  way  Wurtz  determined  the 
vapour-density  of  phosphoric  chloride  with  a  result  closely  agree- 
ing with  the  normal  density  required  for  the  formula  PCI5. 

Reactions. — 1.  A  small  quantity  of  water  converts  it  into 
phosphoric  oxytrichloride  with  formation  of  hydrochloric  acid : — 

PCI5    -f-    OH2    =    POCI3    -f  2HC1. 

Phosphoric         Water.  Phosphoric  Hydrochloric 

chloride.  oxytrichloride.  acid. 

2.  With  an  excess  of  water,  it  yields  phosphoric  and  hydro- 
chloric acids : — 

PCI5    +    4OH2    =    POH03    +  5HC1. 

Phosphoric  Water.  Phosphoric  Hydrochloric 

chloride.  acid.  acid. 

3.  By  its  action  on  alcohols  and  acids,  the  chlorides  of  the 
radicals  of  the  alcohols  and  acids  are  obtained,  thus : — 

{cSJho  +  PC'a  =  (cl^ci  +        +  pool, 

Ethylic  Phosphoric  Ethylic  Hydrochloric  Phosphoric 

alcohol.  chloride.  chloride.  acid.  oxytrichloride. 
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{coko    +    PCI,    =    |gH,^    ^    jj^j    ^  ^^^^^ 

cuionae.  oi,tricl,Iori(le. 

4.  Wlien  phosphoric  chloride  acts  on  organic  compounds  con 
tammg  oxygen  attached  with  both  its  bonds  to  the  same  atom 

{ggj      .      PC,     =      |0„H        ^  ^^^^^ 


oxvtrichloride. 


These  properties  render  phosphoric  chloride  an  invakiable 
agent  m  the  investigation  of  organic  componnds. 

PkospAorous  bromide,  PBr,  (molecular  volume  CD  ),  is  prepared  by  the  action 
2  925TtT  P'^-f  o-s.  It  for.s  a  fun  Jg  eolLfess  liquid  of  sp 

fhJoride     '         '  '°  t.bat  o^  the 

^^ospkoric  bromide,  PBr,  is  obtained  by  the  direct  union  of  the  tribromide 
with  bromine     It  xs  a  yellow  crystalline  solid  which  melts  to  a  red  liquid,  and  i 
decompoBed  at  100'^  xnto  the  tribromide  and  free  bromine.     Its  reactions  r^semb 
those  ot  the  corresponding  chloride. 

mpho.pAorou,  tetriodide.  'P",I,  {molecular  volume  CD  ),  is  prepared  by  dis- 
80lymg  5  par  s  of  phosphorus  in  carbonic  disulphide,  and  gradually  adding  41  parts 
of  lodme,  eoohng  well  with  water  during  the  operation.  On  concentrating  the  solu- 
tion by  distilling  oflF  the  carbonic  disulphide,  diphosphorous  tetriodide  crystallises  out 
m  orange-coloured  prisms  fusing  at  110°.  Water  decomposes  it  with  formation  of 
liydriodic  and  phosphorous  acids  and  liberation  of  phosphorus  in  the  amorphous 
condition  : —  ^ 

3'P"2l4     +      I2OH2     =     12HI      +      4PH03      +  P.,. 
Diphosphorous       Water.         Hydriodie  Pliosphorous 
tetj-iodide.  acid.  acid. 

Phosphorous  iodide,  PI3,  is  obtained  in  the  same  manner  as  the  foregoing  com- 
pound, but  employing  12  parts  of  iodine  to  1  of  phosphorus.  It  forms  dark  red, 
deliquescent  crystals,  fusing  at  55°.  It  cannot  be  distilled  without  decomposition.' 
By  the  action  of  water  it  yields  hydriodie  and  phosphorous  acids : — 

PI3       -1-      3OK2      =      SHI      +  PH03. 
Phosphorous       Water.        Hydriodie  Phosphorous 
iodide.  acid.  acid. 
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PHOSPHORIC  FLUORIDE. 

I 

PF,.       F— P— F 

/\ 
F  F 

Molecular  weight  =  126.    Molecular  volume  CD-    1  lil'>'&  of  phos- 
phoric fluoride  weighs  63  criths. 

Preparation. — This  compound  is  formed  when  arsenious  fluoride 
is  added  to  phosphoric  chloride 

5ASF3    +    3PCI5    =    5ASCI3    +  3PF5. 

Arsenious  Phosphoric  Arsenious  Phosphoric 

fluoride.  chloride.  cUoride.  fluoride. 

Properties. — Phosphoric  fluoride  is  a  colourless  gas  which  fumes 
in  contact  with  moist  air,  and  possesses  a  very  irritating  odour.  It 
is  not  inflammable.  It  is  not  decomposed  by  a  series  of  electric 
sparks,  either  when  the  pure  gas  is  employed,  or  when  it  is  mixed 
with  oxygen  or  hydrogen. 

Reactions. — 1.  Water  decomposes  it,  forming  phosphoric  and 
hydrofluoric  acids : — 

PF5    +    4OH2    =     POH03     +  5HF. 

Phosphoric  "Water.  Phosphoric  Hydi-ofluoric 

fluoride.  acid.  acid. 

2.  It  unites  with  dry  ammonia,  forming  a  white  solid  com- 
pound of  the  formula  2PF5,5NH3. 

Phosphoric  fluoride  is  particularly  interesting  as  an  example  of 
the  union  of  pentadic  phosphorus  with  flve  monad  atoms  to  form 
a  compound  capable  of  existing  in  the  gaseous  state,  and  even  of 
sustaining  very  high  temperatures  without  dissociation. 

COMPOUNDS  OF  PEOSPEORUS  WITE  OXYGEN 
AND  HYDROXYL. 


Hypophosphorous  acid  . .  PHHog 
Phosphorous  anhydride , .     P2O3  ? 


H 
I 

H— 0— P— 0— H 
0  0 


P— 0— P  ? 
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H 
I 

0 

Phosphorous  acid    PH03.        H— 0— P—O— H 

0  0 

Phosphoric  anhydride   P^O^.  P— -0_p 

il  II 
0  0 

0 

Phosphoric  acid  (tribasic)     POH03.        H— 0— P~o_H 

I 

0 
I 

H 

0 

Metaphosphoric  acid        1  II 

(monobasic)   j-tO^Ho.  P— 0— H 

0 

0  0 

Pyrophosphoric    acid       "1  -r,     -rr  "  II 

(tetrabasic)  IP2O3H04.  H-0— P— 0— P-O-H 

0  0 

Hexabasic  phosphoric  acid  P^O^Ho^ 

CI      T  *      7  D 

bodiiim  salt  (Fleitmannl 

and  Henneberg)  (Ilexa-  ^P^OyNaOg. 
sodic  tetraphosphate )  . .  J 

0  0        0  0 

1  II     II  II 

Na— 0— P— 0— P— 0— P— 0— P— 0— J^'a 

0  0      0  d 

1  I       I  I 

Na       Na       Na  Na 
Dodecabasic  phosphoric 


odecabasic    phosphoric  "1  ri  r\  xr 
acid  J-*^io'-'i9^0i5 
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Sodium   salt  (Fleitmann] 

and  Henneberg)  {Dode-  ^PioOigNaOij. 
casodic  decaphosphate). .  J 


0 

II 

IITa— 0— P— 
I 

0 

I 


-      0  - 
II 

_0_P  

I 

0 

1 

_      E"a  _ 


0 


8 


-0— P— 0— ^Ta 
I 

0 
I 

m 


Phosphorosophosphoric  acidl  p  q  jjq 
(Rypophosphoric  acid) . . . .  J 


H 
I 

0 


H 

I 

0 


H— 0— P— 0— P— 0— P— 0— P— 0— H 

/\  /\ 
0    0   0  0 

[III 
H    H  H  H 

 0  


HYPOPHOSPHOROUS  ACID. 

PHH02. 

Molecular  loeight  =  66.    Fuses  at  17"4°. 

Preparation. — When  phosphorus  is  heated  with  a  solution  of 
baric  hydrate,  phosphoretted  hydrogen  is  evolved  and  baric  hypo- 
phosphite  is  formed : — 


3BaHo2   +  2P4 

Baric 
hydrate. 


+     6OH2  = 
"VVater.l 


^PHHo^^^°"    +  2PH, 


Baric 
hypopliosphite. 


Phosphoretted 
hydrogen. 


Any  phosphoric  acid  which  is  formed  at  the  same  time  combines 
with  the  barium  to  form  insoluble  baric  pliosphate,  which  may 
be  removed  by  filtration.  To  the  solution  of  baric  hypophos- 
phite  a  quantity  of  dilute  sulphuric  acid  exactly  sufficient  to  pre- 
cipitate the  barium  is  added,  and  in  this  way  a  solution  of 
hypophosphorous  acid  is  obtained.  The  clear  solution  is  evaporated 
over  a  flame,  without,  however,  allowing  it  to  boil,  until  the  tern- 
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perature  rises  to  130°  On  cooling  to  0°  the  liquid  thus  obtained 
hypophosphorous  acid  is  deposited  in  crystals 

Pro^6T^i.s.-Hypophosphorous  acid  forms  white  lamina  fusinc 
at  1  /  '-i  .  t3 

Beactions.-l.  When  strongly  lieated,  hypophosphorous  acid  is 
decomposed  into  phosphoric  acid  and  phosphoretted  hydrogen:— 

2PHH02     =     POHo,     +     PH  I 

Hypophosphorous  Pliosphoric         Phosphoretted  I 

acid..  acid. 


hydrogen. 


2.  It  readily  absorbs  oxygen  from  the  air,  and  is  ultimately 
converted  into  phosphoric  acid :— 


PHH02    +    O2     =  POH03. 

Hypophosphorous  Phosphoric 
acid. 


acid. 


Its  affinity  for  oxygen  causes  it  to  act  as  a  powerful  reducincr 
agent.  It  precipitates  many  of  the  metals  in  the  metallic  state 
from  the  solutions  of  their  salts  and,  when  heated  with  sulphuric 
acid,  reduces  it  to  sulphurous  acid,  and  even  to  sulphur. 

^^i)op/iosp/w^es.— Hypophosphorous  acid  is  a  very  weak  acid, 
and  although  it  contains  two  semi-molecules  of  hydroxyl,  its  acid 
power  is  exhausted  as  soon  as  the  hydrogen  of  one  of  these  is 
replaced  by  a  metal.  It  tlierefore  acts  as  a  monobasic  acid  (cf. 
Orthophosphates).  The  hyposphosphites  are  aU  soluble  in  water, 
and  some  are  crystallisable.  They  exhibit  the  same  reducing  pro- 
perties as  the  free  acid,  and  undergo  a  similar  decomposition  on 


heating 


PHOSPHOROUS  ANHYDRIDE. 

Molecular  weight  =  110  (?). 

Preparation. — When  phosphorus  is  gently  heated  in  a  slow 
current  of  dry  air,  it  burns  with  a  greenish  flame,  forming  a  com- 
pound having  the  composition  of  an  anhydride  of  phosphorous 
acid. 

Properties.  —  This  compound  is  a  white  amoiphous  fusible 
powder  which  may  be  sublimed.    It  has  an  odour  of  garlic. 

Reactions. — By  allowing  the  above  compound  to  deliquesce, 
with  exclusion  of  oxygen,  carefully  avoiding  any  rise  of  tempera- 
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ture,  a  yellow  solution  is  obtained  which  has  a  neutral  reaction, 
and  may,  by  dialysis,  be  proved  to  contain  a  colloid.  If  the  solu- 
tion be  now  heated,  a  reddish  substance  of  unknown  composition 
separates,  and  the  solution  contains  phosj^horous  acid,  PH03. 
"When  the  so-called  anhydride  is  dissolved  in  water  in  the  ordinary 
way,  the  temperature  rises  so  high  as  to  bring  about  the  above 
decomposition  at  once,  and  a  solution  of  phosphorous  acid  is 
obtained  with  separation  of  the  reddish  substance. 

From  the  above,  it  is  probable  that  the  compound  obtained 
when  phosphorus  is  burnt  in  a  limited  supply  of  air  is  not  the  true 
anhydride  of  phosphorous  acid,  but  a  compound  of  the  same  com- 
position with  a  higher  molecular  weight  (compare  the  molecular 
weights  of  arsenious  anhydride  and  antimonious  anhydride).  The 
hydrate  which  tliis  compound  forms  is  neutral,  and  is  therefore 
not  phosphorous  acid.  The  colloidal  condition  of  this  hydrate  also 
points  to  a  liigher  molecular  weight.  Phosphorous  acid  is  formed 
only  when  this  hydrate  is  decomposed  by  heating  (Eeinitzer). 

PHOSPHOROUS  ACID. 

PH03. 

Molecular  weigJit  =  82,    Fuses  at  70°. 

Preparation.— 1.  Phosphorous  acid  is  formed  by  the  action  of 
water  upon  the  so-called  phosphorous  anhydride  as  above  de- 
scribed. 

2.  It  may  also  be  obtained  by  the  spontaneous  oxidation  of 
phosphorus  in  moist  air.  In  this  process,  however,  a  portion  of 
the  phosphorous  acid  always  undergoes  further  oxidation  to  phos- 
phoric acid.    Phosphorosophosphoric  acid  (q.v.)  is  also  formed. 

3.  It  is  best  obtained  in  a  state  of  purity  by  the  action  of 
water  on  phosphorous  chloride  (see  p.  378).  It  is  not  necessary 
to  prepare  the  phosphorous  chloride  separately.  Phosphorus  is 
melted  under  water,  and  a  stream  of  chlorine  is  passed  through 
the  phosphorus,  the  phosphorous  chloride  being  thus  decomposed 
hy  the  water  as  fast  as  it  is  formed.  The  reaction  must  be  inter- 
rupted before  aU  the  phosphorus  has  disappeared,  otherwise  the 
excess  of  chlorine  in  presence  of  water  will  oxidise  the  phosphorous 
acid  to  phosphoric  acid.  The  solution  of  hydrochloric  and  plios- 
phorous  acids  is  evaporated,  gradually  raising  the  temperature  to 
^oU  ,  by  which  means  the  last  traces  of  water  are  expelled. 

2  c 
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Properties. — Phosphorous  acid  is  a  white,  crystalline,  very  solu- 
ble mass,  fusing  at  70°. 

Reactions.— I.  When  heated  above  180°,  it  yields  phosphoric 
acid  and  phosphoretted  hydrogen  : — 

4PH03     =     3POH03     +  PH3. 

Phospliorous  Phosphoric  Phosphoretted 

acid.  acid.  hydrogen. 

2.  When  treated  with  oxidising  agents,  or  when  exposed  to  the 
air,  it  yields  phosphoric  acid  : — 

2PH03    +    02    =  2POH03. 

Phosphorous  Phosphoric 
acid.  acid. 

Owing  to  its  afiSnity  for  oxygen  it  acts  as  a  powerful  reducing 
agent.  Solutions  of  silver  salts,  when  warmed  with  it,  deposit 
metallic  silver ;  mercuric  chloride  is  reduced  to  mercurous  chlo- 
ride ;  and  cupric  sulphate  yields  a  precipitate  of  cuprous  hydride. 

Phosphites. — Phosphorous  acid  is  a  tribasic  acid ;  but  only  the 
monobasic  and  dibasic  salts  are  stable.  The  normal  sodium  salt, 
P]S'ao3,  i'^  obtained  by  dissolving  phosphorous  acid  in  an  excess  of 
sodic  hydrate  and  adding  absolute  alcohol  to  the  solution,  when  the 
salt  is  precipitated  as  an  uncrystallisable  syrup.  It  is  decomposed 
by  water  (Zimmermann). 

The  phosphites  are  decomposed  on  heating,  with  evolution  of 
phosphoretted  hydrogen  and  formation  of  metaphosphates  and 
pyrophosphates.    The  soluble  salts  have  a  reducing  action. 


PHOSPHORIC  ANHYDRIDE. 

P2O5- 

Molecular  weight  =  142, 

Preparation. — Phosphoric  anhydride  is  obtained  by  burning 
phosphorus  in  an  excess  of  dry  air  or  oxygen.  A  stream  of  air,  dried 
iDy  passing  through  a  U-tube  containing  pumice  moistened  with 
sulphuric  acid,  is  drawn  by  means  of  an  aspirator,  attached  to  the 
tube  C,  through  the  three-necked  globe  (Fig.  47).  Thorouglily 
dried  phosphorus  is  introduced  through  the  tube  B  into  the 
capsule  A,  and  is  then  lighted  by  touching  it  with  a  hot  wh-e,  the 
tube  being  then  closed  with  a  cork.  As  soon  as  one  piece  of 
phosphorus  is  consumed,  a  fresh  piece  is  introduced  in  the  same 


METAPHOSPHORIC  ACID. 


387 


Fig.  47. 


way,  and  is  now  at  once  ignited  by  the  hot  capsule.  The  phos- 
phoric anhydride  collects  in  the  globe,  whilst  any  particles  which 
are  carried  off  by  the  current  of  air  are  retained  in  the  bottle. 

Properties.- — Phosphoric  anhydride  is  a  white,  voluminous, 
amorphous  powder,  which  may  be  sublimed  at  a  high  temperature. 

Beaction. — "When  brought  in  contact  with  water'  it  hisses 
violently,  evolving  great  heat  and  dissolving  with  formation  of 
metaphosphoric  acid : — 

P2O5      +      OH2      =  2PO2H0. 

Phosphoric  Water.  Metaphosphoric 

anhydride.  acid. 

When  exposed  to  the  air  it  rapidly  absorbs  moisture  and  deli- 
quesces. It  is  the  most  powerful  desiccating  agent  known,  and  is 
employed  in  the  laboratory  for  removing  moisture  from  gases  and 
hquids.  Many  substances  containing  oxygen  and  hydrogen  are 
decomposed  by  it,  as  it'  abstracts  these  elements  in  the  proportions 
necessary  to  form  water. 

METAPHOSPHORIC  ACID. 

PO2H0. 

Molecular  weight  =  80. 

PrepaTation.-l.  Metaphosphoric  acid  is  formed  by  dissolvino- 
phosphoric  anhydride  in'cold  water  (see  above).  " 

2  c  2 
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2.  It  may  be  obtained  by  heating  tribasic  phosphoric  acid  to 
redness : —  x  ^ 

POH03    =    PO^Ho    +  OH^. 

Orfchopliosphoric    Metaphosphoric  Water, 
acid.  acid. 

PTOi?eri;;es.— Metaphosphoric  acid  forms  a  transparent  vitreous 
mass  which  is  readily  soluble  in  water.  It  is  fusible,  and  at  a 
high  temperature  may  be  volatilised.  Its  solutions  coa-ulate 
albumen.  ® 

Beadion.— In  aqueous  solution,  metaphosphoric  acid  is  graduaUy 
converted  into  tribasic  phosphoric  acid  :— 

PO^Ho    +    OH2    =  POH03. 

Metaphosphoric         Water.  Orthophosphoric 
acid.  acid. 

This  change  takes  place  rapidly  on  boiling. 

Metaphosphates. — These  salts  may  be  obtained — 

1.  By  igniting  the  dihydric  phosphate  of  a  fixed  base  :— 

POHoaNao    =    P02N"ao    +  OH^. 

Dihydric  sodic  Sodic  Water, 

phosphate.  metaphosphate. 

2.  By  igniting  a  monohydric  phosphate  which  contains  one 
atom  of  a  volatile  base  : — 

POHoJ^ao(NvH40)    =    PO^J^ao    +    NH3    +  OH.^. 

Hydric  sodic  ammonic  Sodic  Ammonia.  Water, 

phosphate.  metaphosphate. 

3.  By  igniting  a  dihydric  pyrophosphate : — 

PsOgHoaNaOj    =    2P02N'ao    +  OH^. 

Dihydric  disodic  Sodic  Water, 

pyrophosphate.  metaphosphate. 

Properties  of  the  Metaphosphates. — The  metaphosphates  are 
remarkable  as  existing  in  several  distinct  modifications,  referable 
to  different  polymeric  varieties  of  metaphosphoric  acid.  Most  of 
these  acids  form  double  salts,  and  from  the  relative  number  of 
atoms  of  the  two  bases  contained  in  such  a  salt,  the  minimum 
moleculiir  weight  of  the  acid  may  be  determined.  Thus  hexameta- 
phosphoric  acid,  PgOjjHog,  forms  a  double  salt  of  the  formula 

P,Oi2NaoCao"2(, 
P60i2NaoCao''2  * 
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The  soluljle  metapliosphates  are  converted  into  dihydric  tri- 
basic  phosphates  by  continued  boiling  with  water ;  the  insoluble 
metapliosphates  are  converted  in  a  similar  manner  by  boiling  with 
dilute  nitric  acid.  The  soluble  metapliosphates  yield  with  argentic 
nitrate  a  gelatinous  white  precipitate  of  argentic  metapliosphate. 

PYROPHOSPHORIC  ACID. 

P2O3H0,. 

Molemlar  weight  =  178, 

Preparation. — 1.  Pyrophosphoric  acid  is  prepared  by  heating 
tribasic  phosphoric  acid  for  some  time  to  213°  : — 

2POH03    =    P2O3H0,    +    OH^.  - 

Phosphoric  Pyroiohosphoric  Water, 

acid.  acid. 

2,  An  aqueous  solution  of  this  acid  is  obtained  by  suspending 
plumbic  pyrophosphate  (prepared  by  precipitating  sodic  pyrophos- 
phate with  a  soluble  lead  salt)  in  water,  and  decomposing  it  with 
sulphuretted  hydrogen ; — 

P.OgPbo"^    +    2SH2    =    2PbS"    +  P2O3H04. 

Plumbic  Sulphuretted         Plumbic  Pyrophosphoric 

pyrophosphate.         hydrogen,  sulphide.  acid. 

Properties. — Pyrophosphoric  acid  forms  a  colourless  opaque 
crystalline  mass.  It  is  readily  soluble  in  water.  The  solution 
does  not  coagulate  albumem 

Reactions. — 1.  In  solution,  pyrophosphoric  acid  is  converted, 
slowly  at  ordinary  temperatures,  rapidly  on  boiling,  into  tribasic 
phosphoric  acid : — 

P203Ho^    +    OH^    =  2POH03. 

Pyrophosphoric         Water.  Orthophosphoric 
acid.  acid. 

2.  On  heating  to  redness  it  yields  metaphosphoric  acid : — 

P2O3H04    =    2PO2H0    +  OH2. 

Pyrophosphoric       Metaphosphoric  Water, 
acid.  acid. 

Pyrophosphates.— These  salts  are  prepared  by  heating  tribasic 
phosphates  in  which  two  atoms  of  the  hydrogen  of  the  acid  are 
replaced  by  a  fixed  bage :— 
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2POHo¥ao,    =    P^O^Nao^    +  QH.. 

Hydric  disodic  Sodic  "Water, 

phosphate.  pyrophosphate. 

2POMgo"(NH,0)    =    P,03Mgo",    +    2NH3    +  OH,. 

.  Magtiesic  ftmmomc  Magnesic  Ammonia.  Water 

phosphate.  pyrophosphate. 

Pyrophosplioric  acid  is  a  tetrabasic  acid,  and  forms  four  classes 
of  salts.  Only  the  alkaline  pyrophosphates  are  soluble  in  water ; 
but  the  other  pyrophosphates  are  soluble  in  acids,  and  generally 
also  in  an  excess  of  an  alkaline  pyrophosphate,  forming  in  the 
latter  case  soluble  double  salts.  "With  argentic  nitrate  the  alkaline 
pyrophosphates  yield  a  white  granular  precipitate  of  argentic  pyro- 
phosphate ;  with  soluble  salts  of  copper  a  double  salt  of  the  formula 

P.^OgNaoCuo"^^^"'  obtained.  The  solutions  of  the  pyrophos- 
phates are  perfectly  stable  even  when  boiled.  By  boiling  with 
dilute  acids,  however,  the  pyrophosphates  are  converted  into  tribasic 
phosphates. 


PHOSPHORIC  ACID,  Trihasic  Phosplwric  Acid,  OrthopUs- 

plioric  Acid. 

POHO3. 

Molecular  weight  =  98.    Fuses  at  38-6°. 

Preparation. — 1.  This  acid  is  formed  when  phosphoric  anhy- 
dride, metaphosphoric  acid,  or  pyrophosphoric  acid  is  boiled  with 
water  for  some  time  : — • 

P2O5    +    3OH2    =  2POH03. 

Phosphoric  Water.  Orthophosphoric 

anhydride.  acid, 

2.  It  is  best  prepared  in  a  state  of  purity  by  heating  amorphous 
phosphorus  with  concentrated  iiitric  acid.  The  oxidation  is  com- 
plete when  red  fumes  cease  to  be  evolved  on  the  addition  of  fresh 
nitric  acid.  The  excess  of  nitric  acid  is  then  driven  off  by  evapo- 
ration, 

3.  It  is  formed  by  the  action  of  water  upon  phosphoric  chloride 
(p.  379)  and  phosphoric  oxytrichloride  {g^-v). 

4.  It  is  prepared  on  a  large  scale  by  treating  3  parts  of  bone- 
ash  or  phosphorite  with  2  parts  of  sulphuric  acid  and  10  parts  of 
water,  heating  the  mixture  for  some  days : — 
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RO,Cao"3  +  3SO,Ho,  +  60H,  =  2POH03  +  3SHo,Cao' . 

S.apWe  water.         P.^W  a^u.^ 

phosphate.  acia.  calcic  sulphate). 

The  solution  is  filtered  from  the  insoluble  calcic  sulphate. 

The  phosphoric  acid  prepared  by  any  of  the  above  methods, 
must  be  heated  to  150°  to  expel  the  last  traces  of  water. 

Prope?-^ies.— Phosphoric  acid  forms  transparent  prisms,  fusmg 
at  38-6°.  When  exposed  to  the  air,  it  deliquesces  to  a  syrupy 
liquid.    Its  solution  does  not  coagulate  albumen. 

P/iospAaies.— Phosphoric  acid  is  a  tribasic  acid,  forming  three 
classes  of  salts,  of  which  the  following  are  examples  :— 

Trisodic  phosphate   PONao3,20H2. 

Hydric  disodic  phosphate   POHoN"ao2,120H2. 

Dihydric  sodic  phosphate   POHo2lSrao,OH.^. 

The  normcd  salts,  with  the  exception  of  those  of  the  alkalies,  are 
insoluble  in  water.  Trilithic  phosphate  (POLio3)  is  only  sparingly 
soluble.  Tlie  solutions  of  the  normal  alkaUne  phosphates  have  an 
alkaline  reaction.  In  solution  they  are  decomposed  by  carbonic 
anhydride  with  formation  of  monohydric  phosphates  : — 

PONaOg    +    CO2    +  =    POHoNao2    +  COHoNao. 

Trisodic  Carbonic         Water.  Hydric  disodic  Hydric  sodic 

phosphate.       anhydride.  phosphate.  carbonate. 

Dilute  acids  produce  this  change  in  the  insoluble  normal  phos- 
phates, dissolving  them  with  formation  of  monohydric  phosphates. 

The  monohydric  phosphates  of  the  alkalies  are  soluble  in  water, 
and  have  a  feebly  alkaline  reaction. 

The  dihydric  phosphates  have  an  acid  reaction.  These  com- 
pounds are  sometimes  referred  to  as  superphosphates. 

The  heavy  metals  form,  as  a  rule,  only  normal  phosphates,  the 
other  phosphates  existing  only  in  solution  in  presence  of  an  excess 
of  acid.  If  argentic  nitrate  be  added  to  a  solution  of  any  of  the 
alkaline  phosphates,  a  yellow  precipitate  of  triargentic  phosphate 
is  formed : — 

PONaOg    +    SNOjAgo    =    POAgOg    +  3N02Nao. 

Trisodic  Argentic  Triargentic  Sodic 

phosphate.  nitrate.  phosphate.  nitrate. 

POHoNao^  +  3N02Ago  =  P0Ag03  +  2N02N"ao  +  NO2H0 

Hydric  disodic  Argentic  Triargentic  Sodic  Nitric  aild. 

phosphate.  nitrate.  phosphate  nitrate. 
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mX  «°l"'>°f^.  <"»  of  which  is  neutral  and  the  othe 

Slightly  alkaline,  an  acid  Kqnid  is  prodnced 

The  soluble  phosphates  also  yield  a  white  crystalline  precini- 
tate  at  ammomc  magnesic  phosphate,  PO(ljio)MV?60H 

TcTS  °f .  ^'""x--"     added  to  their  solutions  ;  tin 

2nt  ™t^'  free  ammonia,  and  on 

W   ion  IS  converted  into  magnesic  pyrophosphate,  P,0,M«o- 
With  a  solution  of  ammonic  molybdate  in  nitric  acid,  they  yield 

"      «^  »f — P^oStl' 

oocunS/tSat  °^        ™"  — ^ 

Apatite  (Francolite)   PgOgCao''^^^  Ca"  V* 

  P,0,reo"3.80H,.  , 

^^^^llit^   P,0('AF-,06)vi3,12OH,. 

Pyromorphite    PsOaPbo'^^g^Pb"). 

Some  of  the  acids  of  phosphorus  liave  a  tendency  to  exhibit  a 
basicity  lower  than  their  hydricity.  Thus,  though  phosphoric  acid 
forms  tribasic  salts,  the  last  equivalent  of  base  is  so  loosely 
attached,  that  in  the  case  of  the  soluble  tribasic  phosphates  it  is 
removed  by  carbonic  anhydride.  In  the  case  of  phosphorous  acid 
a  weaker  acid,  the  tribasic  salts  are  decomposed  even  by  water 
whilst  hypophosphorous  acid,  a  still  weaker  acid,  forms  only  salts' 
with  one  equivalent  of  base,  though  its  formula  would  show  it  to 
be  dibasic. 

PHOSPHOROSO-PHOSPHORIC  ACID  {Eypophoophoric  Acid). 

P40,H03. 

Molecular  tveight  =  324. 

Preparation.— W\ieii  phosphorus  is  allowed  to  oxidise  spontaneouslj  by  espo- 
Bure  to  air,  and  in  contact  with  water,  an  acid  liquid  is  obtained,  which  contains 
phosphorous  acid,  phosphoric  acid,  and  phosplioroso-phosplioric  acid.'  As  the  latter 


*  In  this  mineral,  chlorine  and  fluorine  displace  each  other  isomorphously. 
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acid  when  in  sohition,  gradually  undergoes  decomposition,  tlie  liquid  is  to  bo  removed 
at  the  end  of  about  three  days.  On  adding  sodic  acetate  a  crystallme  precipitate  ot 
tetrahydric  tetrasodio  phospTiorosophosphale,  P.,0.,Ho,mo4,120H2,  is  formed, 
which  by  recrystallisatiou  may  be  obtained  in  tabular  crystals.  The  free  acid  is 
prepared  by  precipitating  the  barium  salt  with  sulphuric  acid  or  the  lead  salt  with 
sulphuretted  hydrogen.  .      ,    •  n 

iJe<ic^'o««.— Phosphorosophosphoric  acid  can  be  obtained  only  in  solution.  Uii 
evaporation  over  sulphuric  acid,  or  even  on  standing  at  ordinary  temperatures,  it 
undergoes  decomposition  into  phosphorous  and  pyrophosphoric  acids  : — 

P4O4H08    +     OHo     =    P3O3H04     +  2PH03. 
Phosphoroso-      Water.     Pyrophosphoric  Phosphorous 
phosphoric  acid.  acid.  acid. 

PkosphorosopAosphates— These  salts  crystallise  well.  Owing  to  the  high  basicity 
of  the  acid,  they  are  generally  complex.  The  phosphorosophosphatea  of  potassium 
will  serve  as  examples  : — 

Potassic  phosphorosophosphate   P404Ko8,160H2. 

Dihydric  hexapotassic  phosphorosophosphate  .  P404Ho2Ko6.60H2. 

Teti-ahydric  tetrapotassic  phosphorosophosphate  P404Ho4K;o4,40H2,  also  6OII2. 

Pentahydric  tripotassic  phosphorosophosphate  P404Ho5Ko3,20H2. 

Hexahydric  dipotassic  phosphorosophosphate  .  P404HO|;Ko2. 

That  phosphorosophosphoric  acid  has  at  least  the  molecular  weight  here 
ascribed  to  it  is  rendered  probable  by  the  existence  of  such  a  salt  as  pentahydric 
tripotassic  phosphorosophosphate,  and  by  the  above  decomposition  of  the  free  acid 
into  a  mixture  of  phosphorous  and  pyrophosphoric  acids. 

COMPOUNDS  OF  PEOSPEOBUS  WITE  CELOBINE  AND 

OXYGEN. 


PHOSPHORIC  OXYTRICHLORIDE,  Phosplionjlic 

Chloride. 

CI 

I 

POCL.      CI— P— CI 

II 

.0 

Molecular  weight  =  153"5.  Molecular  volume  I  I  I-  1  litre  of  phos- 
2)horic  oxy  trichloride  vapour  weighs  7  6 '7  5  criths.  Sp.  gr.  1'7. 
Fuses  at  —  1-5°.    Boils  at  110°. 

Preparation. — 1.  Phosphoric  oxy  trichloride  may  be  prepared 
by  .decomposing  phosphoric  cliLoride  with  a  limited  quantity  ol 
water : — 

PCI5    +    OH2    =    POCI3    +  2HC1. 

Phosphoric         Water.  Pliosphoric  Hydrochloric 

chloride,  oxy  trichloride.  acid. 
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2.  It  is  formed  When  oxygen  is  passed  through  boilina  phos 
phorous  chloride : —  ®    ^unii]^  pnos- 


PCI3  + 

Phosphorous 
chloride. 


0    =  POCI3. 

Phosphoric 
oxy  trichloride. 


uJ'     ""T     ''f^I  ^'^^S  together  in  a  sealed, 

dnde  ""'^  °^  phosphoric  chloride  and  phosphoric  auhy- 


P2O5 

Phosphoric 
anhydride. 


3PCI5  = 

Phosplioric 
chloride. 


5POCI3. 

Phosphoric 
oxychloride. 


4._  It  IS  formed  by  the  action  of  phosphoric  cliloride  on  various 
organic  and  inorganic  compounds  containing  oxygen  (p  379)  and 
IS  best  prepared  by  heating  dried  oxalic  acid  or  boric  acid  with 
phosphoric  chloride  :— 

rCOHo  , 

IcOHo  +  PCI,  =  POCI3  +  CO,  +  CO  +  2HC1. 

Phosphoric     Phosphoric      Carbonic     Carbonic  Hydrochloric 
chloride,     oxytrichloride.  anhydride.  yurocmonc 


Oxalic 
acid. 


2BHO3     +     3PCI5  = 

Boric  Phosphoric 
acid.  chloride. 


3POCI3 

Phosphoric 
oxytrichloride. 


+ 


oxide. 


acid. 


+  6HCI. 

Boric  Hydrochloric 
anhydride.  acid. 


Properties.—Vhosiphovic  oxytrichloride  is  a  colourless  power- 
lully  refracting  liquid  which  fumes  in  contact  with  moist  air  In 
a  freezing  mixture  it  solidifies  at  -  10°  to  a  laminar  crystalline 
mass  fusing  at  —  1-5°. 

Beactions.—l.  By  contact  with  water  it  is  slowly  transformed 
into  hydrochloric  and  phosplioric  acids  : — 


POCI3    +    3OH2    =    POHO3    +  3HC1. 

Phosphoric  Water, 
oxytrichloride. 


Phosphoric 
acid. 


Hydrochloric 
acid. 


2.  By  distillation  with  the  salts  of  acids,  it  yields  the  corre- 
sponding acid  chlorides : — 


3SO„Pbo"    +    2P0CL  = 


3 


Plumbic 
sulphate. 

CH3 

CONao 

Sodic 
acetute. 


Phosphoric 
oxytrichloride. 

+    ,  POCI3  = 

Pliosjjlioric 
oxytrichloride. 


PqI-do  3 

Plumbic 
phosphate. 

q  rcHg 
'^tcoci 

Acotylic 
chloride. 


+ 


3SO2CI2. 

Sidphui'ic 
oxydicliloride. 


+  PONaOg. 

Sodic 
phosphate. 
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rhosphoric  oxytrichloride  is  itself  tlie  acid  chloride  of  phos- 
phoric acid.  This  relation,  which  is  better  expressed  by  the  name 
Ihosphorylic  chloride,  is  displayed  in  the  above  decomposition  of 
this  substance  with  water. 

The  corresponding  bromine  compound  VOBr^  (molecular  volume  [JJ  )  is  ob- 
tained in  a  simUar  manner  by  the  action  of  a  limited  quantity  of  water  on  pbos- 
p^rio  bromide.    It  forms  a  crystaUine  mass  fusing  at  45-46°,  and  boilmg  at  195  . 

PYROPHOSPHOBYIilC  CHLORIDE. 

O  O 

II  II 
PjGsCl^.  CI— P— 0— P— CI 

CI  CI 

Molecular  weight  =  252.    Sp.  gr.  1-58  at  T.    Boils  with  partial  decomposition  at 
210-215°. 

Preparation— 'nas  compound  is  prepared  by  passing  gaseous  nitric  peroxide 
into  phosphorous  chloride,  and  distilling  the  liquid  thus  obtained.  The  portion 
■which  passes  over  between  200°  and  230°  is  pyrophospliorylic  chloride.  This  pro- 
duct must  be  purified  by  rectification.  The  reaction  is  a  very  complicated  one,  and 
cannot  be  expressed  by  a  single  equation.  The  by-products  are  phosplioric 
oxytrichloride,  phosphoric  anhydride,  nitrous  oxychloride,  and  nitrogen. 

Properties. — Pyrophosphorylic  chloride  is  a  colourless  fuming  liquid. 

Reactions.— 1.  "Water  decomposes  it  instantaneously  with  formation  of  ortho- 
phosphoric  (not  pyrophosphoric)  and  hydrochloric  acids  : — 

P2O3CI4  ■  -1-     50H2     =      2POH03       +  4HC1. 
Pyrophosphorylic    Water.      Ortliophosphorio  Hydrochloric 
chloride.  acid.  acid. 

2.  When  treated  with  phospboric  cbloride,  phosphoric  oxytrichloride  is 
formed : — 

P20.,Cl4        +        I^Clg        =  3POCI3. 

Pyrophosphorylic     Phosphoric  Phosphoric 

chloride.  chloride.  oxytrichloride. 

GOMPOUNm  OF  PHOSPHORUS  WITH  SULPHUR. 

■     s     s  s 

II  /  \  II 

Tetraphosphorus  trisulphide. .  ^'{V^)^^"^  P— P  —  P— P 

S  S 

II  II 

Phosphorous  sulphide  ......  P — S — P. 

S  S 
II  II 

Phosphoric  sulphide   P^S'^g.  P— S— P 

S  S 
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'■  S  s 

,    Diphosphoric  tetrasulpliide  ....     'Piv  o./        |  | 

II  II 

TETBAPHOSPHORUS  TBISULPHIDE. 

-(P4)"S"3. 

Molecular  loeigU  =  220.    Molecular  volume  ^T^     1  IHr. 

110  criths.    Fuses  at  Ififi"     7?.  ■/  ^  "'"""^  LLJ-    1         of  the  vapour  weighs 
'"i.    J!usesatlbb.    Boils  between         and  4£)(f. 

2fin°     'ri,      u  7  -t^^fsa  18  teated  for  eight  hours  to  a  temperature  of 

plxorous  acxd,  phosphoretted  hydrogen,  aJd  sulphuretted  h'drogeuT!  ^ 

^'(P4)^'S"3    +     90H,       =       3PH03      +      PH,       +  3SF 

^Hs'uirMiT""  ^l^osphorous  Phosphoretted  Sulphuretted 

auid.  hydrogen.  hydrogen. 

PHOSPHOROUS  STJIiPHIDE. 

P)S"3. 

Molecular  weight  =  158. 
Preparation. — As  above. 

Pro;,«.^.-..,._Pho8phorou8  sulphide  forms  a  greyish-yellow  crystaUiue  mass 

hydfogTu  decomposes  it,  forming  phosphorous  acid  and  sulphuretted 

^•2S"3      +       60H,       =       2PH03      +  SSET,. 
Phosphorous         Water.  Phosphorous  Sulphuretted 

«"lP^i<i«-  acid.  hydrogen. 

PHOSPHORIC  SULPHIDE. 


Molecular  weight  =  222.     Molecular  volume  ]J3-    1  litre  of  the 
vapour  weighs  111  criths.    Fuses  at  274—276°.    Boils  at  530°. 

Preparation.— As  above.  The  process  may  also  be  modified  by 
dissolving  ordinary  plicspliorus  and  sulphur  in  the  molecular  pro- 
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portions,  Tr^S"^,  in  carbonic  clisulphide,  and  heating  the  solution 
in  sealed  tubes  for  8—10  hours  to  210°.  On  cooling,  the  phos- 
phoric sulphide  is  deposited  on  the  walls  of  the  tube  in  well-formed 
crystals. 

Properties— It  forms  pale-yellow  crystals  generally  grouped  m 
tufts. 

Beactions. — 1.  By  direct  combination  with  alkaline  sulphides  it 
forms  the  sulphophosphates : — 

P,S"5     -f-     3SK,     =  2PS"KS3. 

Phosplioric  Potassic  Potassic 

sulphide.  sulphide.  sulphophosphate. 

2.  With  water  phosphoric  sulphide  yields  phosphoric  acid  and 
sulphuretted  hydrogen : — 

p^S^s    +    8OH2    =    2POH03    +  5SH2. 

Phosplioric  "Water.  Phosphoric  Sulphuretted 

■     sulphide.  acid.    .  hydrogen. 

Phosphoric .  sulphide  is  employed  in  the  laboratory  for  the 
purpose  of  replacing  oxygen  by  sulphur  in  organic  compounds. 

DIPHOSPHOmC  TETBASUIiPHIDE. 

Molecular  weight  =  190.*    Fuses  at  296—298°. 

Preparation. — Phosphorus  and  sulphur  in  the  proportions  corresponding  with 
the  formula  P2S4  are  dissolved  in  carbonic  disulphide  aud  heated  in  sealed  tubes. 

Properties. — It  is  thus  obtained  in  the  form  of  yellow  transparent  acicular  crys- 
tals.   It  boils  without  decomposition; 

COMPOUND    OF   PSOSPSORUS   WITH  SULPSUE  AND 

CSLORINF. 

PHOSPHORIC  STJLPHOTBICHLOBIDE. 

CI 
I 

PS"Cl3.     CI— P— CI. 

II 

8 

Molecular  weight  —  169'5.    Molecular  volume  I  I  '!•    1  litre  of  the  vapour  weighs 
84-75  criths.    Sp.  gr.  of  liquid  1-636  at  20°.    Poils  at  126°. 

Preparation. — 1.  Phosphoric  sulphotrichloride  is  best  prepared  by  heating 
together  phosphoric  sulphide  and  phosphoric  cliloride  for  a  few  minutes  to  150°  : — 


*  The  vapour-density  of  this  compound  has  been  determined  with  a  result 
which  would  point  to  the  formula  PsSg.  This  anomalous  result  is  possibly  due  to 
the  employment  of  too  low  a  temperature  in  the  determination. 
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+       3PC1,       =      5PS"C1,.  • 
Phosphoric        Pliosphoric  Phosphoric 
9  Tf  •    ,     .  ,  sulphotrichloride. 

chloride  :-  ^"^^""^      ^'^'P'^^-"^'!  ^^^'l-g-  upon  phosphoric 

PI       •   ""o  ,  f^^     =     ^^"^^3     +  2nci. 

chTorMe"     ^SJ""""^       Phosphoric  Hydrochloric 
cmoride.         hydrogen.     sulphotrichloride.  acid. 

Properties.~li  is  a  colourless  fuming  hquid 

i2eac</o^.-l.  Water  slowly  decomposes  it,  yielding  hydrochloric  acid  nho« 
phoricacid,  and  sulphuretted  hydrogen:—  J"irocnionc  acid,  phos- 

PS"Cl3      4-      40H,       =       POH03       +       3HC1       +  SF, 

sul/hoSride.  Hydrochloric  Sulphuretted 

a-CK^-  aoid.  hydrogen. 

2.  With  alkaUes  it  yields  the  salts  of  sulphophosphoric  acid  (PS"Ho3)  :- 

PS"Gl3      +      60KH     =     PS"Ko3      +      3KC1     +      30H,.  : 
Phosphoric         Potassic  Potassic   •       Potassic  Wate^ 

sulphotrichloride.     hydrate.      sidphophosphate.  chloride' 

The  corresponding  bromine  compoimd  PS"Br3"i8  also  known. 


feospHorus  compounds  containing  niteogsn. 

These  substances  possess  considerable  theoretical  interest  as  examples  of  a  clas* 
cliemk?r7°  represented  in  organic,  but  of  rarer  occurrence  in  inorganic, 

Phospham,  P^f(NH)",  is  prepared  by  passing  gaseous  ammonia  over  phosphoric 
chloride  as  long  as  tlie  gas  is  absorbed,  and  then  igniting  the  product  in  a  current 
ot  carbonic  anhydride  or  some  other  indifferent  gas  :— 

PCI5      +  =      P]Sr(NH)"      +  5NH4CI. 

Phosphoric      Ammonia.  Phospliam.  Ammouic  ^ 

''^'^o^^^'^-  chloride. 

Phospham  is  a  white  powder,  insoluble  in  water. 

Phosphamimide,  P0(NH)"(NH2),  remains  behind  as  a  white  powder  when  the 
product  of  tlie  action  of  gaseous  ammonia  on  phosphoric  pentachloride  is  extracted 
with  water: — 

PClg     +     7NH3     +     OH2     =     P0(NH)"(NH2)      +  5NH4CI. 
Phosphoric     Ammonia.       Water.  Phosphamimide.  Ammonic 

chloride. 

Phosphoric  oxytriamide,  PO(NH2)3,  is  obtained  as  a  white  amorphous  powder 
by  the  action  of  gaseous  ammonia  on  phosphoric  osytrichloride  :  

POCI3      +      6NIT3      =      PO(NH2)3      +  3NH4CI. 
Phosphoric      Ammonia.        •  Phosphoric  Ammonic 
oxytrichloride.  oxytriamide.  chloride. 

The  product  is  woU  washed  with  water  to  remoVe  the  ammonic  chloride.  When 
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this  or  the  foregoing  compound,  is  ignited  in  an  atmosphere  free  from  oxygen, 
ammonia  is  given  off,  and  phosphoric  oxynitride,  PON,  remains  as  a  white  powder. 

Purophosphotnamic  acid,  ■p.fi.,{-S-3.^){Eo,  is  prepared  by  saturating  phosphoric 
oxytrichloride  with  gaseous  ammonia  without  cooUng,  heating  the  product  to  220  , 
and  finally  boiling  it  for  a  short  time  with  water : — 

2POCn3     +     9NH3     +     2OH3    =    P.03(NH.,)3Ho     +  6NH4CI. 
Phosphoric       Ammonia.       Water.      Pyrophosphotriamic  Ammonic 
oxytrichloride.  acid.  chloride. 

It  forms  an  amorphous  insoluble  powder,  which  is  successively  converted  by  con- 
tinuous boiling  with  water  into  soluble  pyrophosphodiamic  acid,  P203(NIl3)2Ho2, 
and  pyrophosphamic  acid,  P203(NH2)Ho3,  this  last  compound  being  finally  trans- 
formed into  a  mixture  of  ammonic  phosphate  and  phosphoric  acid. ' 


VANADIUM,  V4  ? 

Atomic  weight  =  51'3.     Prolable  molecular  weight  =  205-2. 
Sj).  gr.  5*5.    Atomicity  "'  and  \    Evidence  of  atomicity : — 

Vanadous  chloride  

Yanadic  oxytrichloride   V^OClg. 

History. — This  rare  element  was  discovered  in  1801  by  Del 
Eio,  who  obtained  it  from  a  Mexican  lead-ore.  He  failed,  how- 
ever, to  recognise  its  true  nature,  and  ultimately  regarded  it  as 
impure  chromium.  In  1830  it  was  rediscovered  independently  by 
Sefstrom.    Metallic  vanadium  was  first  isolated  by  Eoscoe. 

Occiorrence. — Vanadium  occurs  sparingly  in  various  lead  and 
iron  ores.  The  cupric  and  bismuthous  vanadates  constitute  the 
rare  minerals  volborthite  and  pucherite.  A  relatively  rich  source 
of  vanadium  has  lately  been  found  in  the  Bessemer  slag  of  the 
Creusot  iron  works,  which  contains  as  much  as  1*5  per  cent,  of  this 
element. 

Preparation.  —  Metallic  vanadium  is  obtained  by  heating 
vanadous  chloride  to  bright  redness  in  a  current  of  dry  hydrogen : — 

2VC13-   -f    3H2    =    V2    +  6HC1. 

Yanadous  Hydrochloric 
Chloride.  "  acid. 

Properties. — As  above  prepared  it  forms  a  silvery,  crystalline 
mass  of  sp.  gr.  5 "5.  ■  It  does  not  oxidise,  either  in  dry  or  in  moist 
air,  even  at  100°.  When  strongly  heated  in  air  or  oxygen  it  burns, 
forming  vanadic  anhydride,  V2O5.  It  does  not  fuse  at  a  red  heat. 
Hydrochloric  acid  is  without  action  upon  it ;  concentrated  sulphu- 
ric acid  dissolves  it  on  heating  ;  and  nitric  acid,  even  when  dilute, 
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attacks  It  energetically,  dissolying  it  to  form  a  blue  solution 

COMPOUNDS  OF  VANADIUM  WITE  CELOMINB. 

HypoTanadous  chloride   J  VClj 

Vanadous  chloride   YqJ^ 

Hypovanadic  chloride   /Yivni  /"^^l^ 

1  VC'l  ■ 

Hypovanadous  cliloride  'V"  m       «i^*.„:    j  •         ,  ^ 

the  .apo.  o.  l^fS^-^^^f:^^ 

^^^^'^       +  =       'v",CI,       +  2HC1. 

chroridr  Hypovanadous  Hydrochloric 

chloride.  acid. 

It  is  hygroscopic  and  dissolves  in  water  yielding  a  violet  solution. 
Vanadous  chloride,  VCI3,  is  prepared  from  hypovanadic  chloride,  which  is 
decomposed  slowly  at  ordinary  temperatures,  rapidly  at  its  boiling-point/iuTo  v  n 
dous  chloride  and  free  chlorine.    It  forms  peach-blossom-colom-ed  tabu  ar  IsSs 
IS  non-volatile,  and  deliquesces  when  exposed  to  the  air  ^  ' 

Hypovanadic  chloride,  'VivCl,  {molecular  volume  forxned  by  the  action  of 

an  excess  of  chlorine  on  metallic  vanadium.    It  may'ii  be  obtained  by  rei"  redly 
passing  tlie  vapour  of  the  oxytrichloride,  mixed  with  chlorme,  over  charcoal :-  ^ 
2VOCI3      +  +      CI2      =    2'V"C1,    +  2C0. 

7*^7^'°. ,  Hypovanadic  Carbonic 

oxytnchlonde.  'lloriA^.  oxide. 

It  is  a  dark-brown  liquid  boiling  at  154°,  and  having  a  sp.  gr.  of  1-8584  at  0" 
Water  decomposes  and  dissolves  it,  yielding  a  blue  liquid.  The  molecular  formula 
VCI4,  as  deduced  fi-om  the  vapour-density  of  this  compound  is  anomalous  In  such 
a  compound,  vanadium  would  be  tetradic,  in  violation  of  the  law  regulating  the 
variation  of  atomicity ;  otherwise  the  presence  of  a  single  free  bond  must  be 
assumed  (see  note,  p.  182). 

COMPOUNDS  OF  VANADIUM  WITS  OXTGFN  AND  ETDROXYL. 


Hypovanadous  oxide   'Y"  q 

Vanadous  oxide   -n-  n 

  V3U3. 

Hypovanadic  oxide   'V'^oO 

Vanadic  anhydride    V2O". 

Metavanadic  acid   VOoHo 

Tribasic  vanadic  acid    VOH03. 

Pyrovanadic  acid   V2O3H04J 

Eypovanadous  oxide,  'VjOa,  is  formed  when  the  vapour  of  the  oxytrichloride, 
mixed  with  hydrogen,  is  passed  through  a  red-hot  tube  : — 

2VOCI3       +       3H2       =       '^T".f>^       +  6HC1. 

Vanadic  Hypovanadous  Hydrochloric 

oxytrichloride.  oxide.  acid. 
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It  is  a  grej  powder,  with  a  metallic  lustre.  Acids  dissolve  it,  yielding  a  lavender- 
coloured  solution,  which  instantly  becomes  brown  on  exposure  to  the  air. 

Hypovanadous  oxide  was  mistaken  by  Berzelius  for  metallic  vanadium. 

Vanadous  oxide,  V2O3,  remains  behind  as  a  black  lustrous  powder  when  vanadic 
anhydride  is  heated  to  redness  in  a  current  of  hydrogen.  Even  at  ordinary  tem- 
jjeratures,  it  slowly  absorbs  oxygen,  forming  hypovanadic  oxide,  'Y'^^O^,  and,  when 
gently  warmed  in  air,  glows  and  is  converted  into  vanadic  anhydride.  It  is  in- 
soluble in  acids. 

Hi/pooanadic  oxide,  'V^^Oj)  is  formed  as  above  by  the  spontaneous  oxidation  of 
vanadous  oxide.  It  may  also  be  obtained  by  fusing  together  equal  molecidar  pro- 
portions of  vanadous  c^xide  and  vanadic  anhydride  : — 

Y.2O3  +  V0O5  =  2'Vi-204. 

Vanadous  Vanadic  Hypovanadic 

oxide.  anhydride.  oxide. 

It  is  a  blue  powder,  consisting  of  minute  shining  crystals.  When  exposed  to  moist 
air  it  is  slowly  converted  into  an  olive-green  hydrate.  Acids  dissolve  it  with  diffi- 
culty, yielding  a  blue  solution. 

Vanadic  anhydride,  "V.2O5. — Minerals  containing  vanadium  ai-e  fused  with  nitre, 
and  the  mass  is  extracted  with  water.  The  solution,  which  contains  an  alkaline 
vanadate  along  with  various  impurities,  is  then  almost  neutralised  with  nitric  acid 
and  precipitated  with  baric  chloride.  The  precipitate,  consisting  of  baric  vana- 
date and  other  barium  salts,  is  decomposed  by  boiling  with  dilute  sulphuric  acid, 
and  the  solution,  filtered  from  the  baric  sulphate,  is  neutralised  with  ammonia  and 
evaporated  to  a  small  bulk,  after  which  pieces  of  ammonic  chloride  are  placed  in  the 
solution.  This  causes  the  ammonic  metavanadate,  wliich  is  very  insoluble  in  a  con- 
centrated solution  of  ammonic  chloride,  to  be  deposited  in  small  crystals.  These 
are  washed  with  a  solution  of  ammonic  chloride,  and  decomposed  by  ignition  in  an 
open  crucible,  when  pure  vanadic  anhydride  remains  behind. 

Vanadic  anhydride  is  a  reddish-brown  mass  which  melts  at  a  red  heat,  and 
solidifies  in  a  crystalline  foi-m  on  cooling.  It  is  very  slightly  soluble  in  water,  to 
which  it  imparts  a  yellowish  tinge.  Both  acids  and  alkalies  dissolve  it  readily. 
The  acid  solutions  yield  with  reducing  agents  first  a  blue,  and  afterwards  a  gi-een, 
coloration. 

Vanadates. — The  various  forms  of  vanadic  acid  are  known  only  in  their  salts. 
The  orthovanadates  (or  tribasic  vanadates),  the  metavanadates,  and  the  ^yrovana- 
dates  are  isomorphous  with  the  corresponding  compounds  of  pliosphorus.  In  addi- 
tion to  these,  a  fourth  series  is  known,  the  tetracanadates,  of  which  diammonic 
tetravanadate,  V4(>g(]SrH40)2,40H2,  is  an  example  :— 

Ammonic  metavanadate   "V0o(NH40). 

Argentic  orthovanadate   VOAgOj. 

Argentic  pyrovanadate    YJO^AgOi. 

Vanadinite    VsOgPbo",  (g^Pb"  ). 
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ARSENIC,  As^. 

Atomic  uicight  =   75.     Molecular  weight  =  300.  Molecular 
volume  1  litre  of  arsenic  vapour  weighs  150  criths. 

Sp.  gr.  5-6  to  5-9.  Volatile  at  180°.  Atomicity'"  and  v. 
Evidence  of  atomicity : — 

Arseniuretted  hydrogen    As"'H3. 

Arsenious  chloride    As'^Cl^. 

Tetrethylarsonic  chloride   As'^Et^Cl. 

History. — Arsenic  was  known  to  the  alchemists,  but  Brand, 
and  later  Scheele,  first  investigated  its  chemical  nature. 

Occurrence. — Arsenic  is  widely  distributed  in  nature.  It  occurs 
both  in  the  free  state  and  in  combination  with  various  other  metals 
in  the  form  of  ores.  Of  the  latter  the  principal  are  :  realgar, 
'As"2S"2  ;  orpirnent,  AS2S"3;  arsenical  pyrites,  'A.^'\(Yq^"^"^\ 
and  arseniccd  iron,  'As^a^^ei^-  It  is  found  in  small  quantities  in 
other  minerals,  such  as  iron  pyrites,  for  which  reason  sulphuric 
acid  which  has  been  manufactured  from  pyrites  is  generally  con- 
taminated with  arsenic.  In  minute  traces  it  occurs  in  some 
mineral  waters,  and  in  the  water  and  mud  of  many  rivers.  It  is 
also  contained  in  coal-smoke  (derived  in  this  case  from  the  pyrites 
of  the  coal),  and  consequently  in  the  air  of  towns. 

Peparation. — 1.  Arsenic  is  obtained  by  heating  arsenical 
pyrites.  The  arsenic  volatilises  and  may  be  condensed,  whilst 
ferrous  sulphide  remains  behind : — 

'A.^\{^Q^^^')"^     =     As2     +  4PeS". 

Ferroarsenious  Ferrous 
sulpliide.  sulpWde. 

2.  It  may  also  be  prepared  from  arsenious  anhydride,  a  sub- 
stance produced  in  the  roasting  of  many  ores.  The  arsenious 
anhydride  is  reduced  by  heating  with  charcoal : — 

AS2O3    +    30    =    2As    +  3C0. 

Arsenious  Carbonic 
anliydride.  oxide. 

Properties. — Arsenic,  like  jDhosphorus,  is  known  in  more  than 
one  form.  When  arsenic  is  sublimed  in  a  current  of  hydrogen,  it 
is  deposited  close  to  the  heated  portion  of  the  tube  in  crystals,  but 
further  on,  where  the  tube  is  colder,  amorplious  arsenic  collects. 
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The  crystalline  variety  forms  acute  rhombohedra,  w!th  a  steel-grey 
colour  and  a  metallic  lustre,  possessing  a  sp.  gr.  of  5'727.  In 
dry  air  it  may  be  preserved  witliout  change,  but  in  presence  of 
moisture  it  becomes  coated  with  a  blackish-grey  crust  due  to  oxida- 
tion. When  heated  under  ordinary  pressure,  it  volatilises  without 
fusing ;  but  by  enclosing  it  in  a  sealed  tube,  so  as  to  subject  it  to 
the  pressure  of  its  own  vapour,  it  may  be  fused.  The  vapour  is 
lemon-coloured  and  possesses  an  odour  of  garlic.  The  molecular 
weight  of  arsenic,  as  deduced  from  the  vapour-density,  is  300, 
showing  that  the  molecule  of  this  element  is,  like  that  of  phos- 
phorus, tetratomic.  At  the  highest  temperature  at  which  the 
vapour-density  of  arsenic  has  been  determined  (yellow  heat),  a 
partial  dissociation  is,  however,  found  to  have  occurred,  and  the 
value  for  the  vapour-density  lies  between  those  required  for  As^ 
and  As^  (Victor  Meyer). 

The  amorphous  variety  forms  a  black  mass  with  a  vitreous 
lustre.  Its  sp.  gr.  is  4-71.  When  heated  to  360°  it  is  converted 
into  the  crystalline  or  metallic  variety,  great  heat  being  Hberated 
in  the  transformation.  It  is  much  more  permanent  in  air  than 
crystalline  arsenic.  Amorphous  arsenic  may  also  be  obtained  as  a 
grey  powder.  This  variety  is  deposited  in  the  coldest  parts  of  the 
tube  during  the  subhmation  in  hydrogen. 

Reactions. — 1.  When  heated  in  air  or  oxygen  arsenic  burns, 
forming  arsenious  anhydride.  In  like  manner,  when  arsenic  is 
treated  with  oxidising  agents,  arsenious  anhydride  and  arsenic 
acid  are  produced. 

2.  When  finely-divided  arsenic  is  introduced  into  chlorine,  it 
inflames  spontaneously,  yielding  arsenious  chloride. 

It  also  combines  directly  with  most  of  the  other  elements. 

Use. — ^A  smaU  quantity  of  arsenic  is  added  to  the  lead  which 
is  used  in  the  manufacture  of  shot,  as  it  is  found  that  this  addition 
enables  the  metal  more  readily  to  assume  the  spherical  form,  and 
at  the  same  time  renders  it  harder. 
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COMPOUND  OF  ABSENIC   WITH  HYDROGEN. 
ARSENIURETTED    HYDROGEN,  Arsenious  Hydride. 

Ifoleoular  weight  =  78.    Molecular  vohome  UJ-    1  litre  weighs  39 
criths.    Boils  at  —40°. 

Preparation. — 1.  This  gas  is  obtained  in  the  pure  state  by  the 
action  of  dilute  sulphuric  or  hydrochloric  acid  on  an  alloy  of 
arsenic  and  zinc  : — 

AsZn"3    +    3SO2H02    =    3S02Zno"    +  2ASH3 

Arsenious  Sulpluu-ic  Zincic  Arseniuretted 

zincide.  acid.  sulphate.  hydrogen. 

2.  It  is  formed  by  the  action  of  nascent  hydrogen  upon  soluble 
arsenic  compounds  :  thus  by  the  introduction  of  arsenious  acid  into 
an  apparatus  evolving  hydrogen  from  zinc  and  sulphuric  acid : — 

AsHc,    +  =    ASH3    +  3OH2. 

Arsenious  Arsenim-etted  Water, 

acid.  liydrogen. 

In  this  case  the  gas  is  mixed  with  an  excess  of  hydrogen. 

Properties. — Arseniuretted  hydrogen  is  a  colourless  gas  of  a 
very  disagreeable  odour.  At  —40°  it  condenses  to  a  colourless 
and  transparent  liquid  which  does  not  solidify  at  —100°.  Water 
dissolves  it  but  slightly.    It  is  devoid  of  basic  properties. 

It  is  one  of  the  most  poisonous  substances  known.  Gehlen,  of 
Gottingen,  lost  his  life  by  incautiously  smelKng  a  leaky  joint  of  an 
apparatus  in  whicli  he  was  preparing  the  gas,  in  order  to  detect  the 
escape. 

Beactions. — 1.  When  burnt  with  free  access  of  air  it  forms 
water  and  arsenious  anhydride  : — 

2ASH3    +    3O2    =    AS2O3    +  3OH2. 

Ai'seniuretted  Arsenious  Water, 

hydrogen.  anhydride, 

2.  When  burnt  with  a  limited  supply  of  air,  it  yields  water 
and  free  arsenic  : — 

4ASH3    +    3O2    =    As^    +  60H^. 

Arseniuretted  Water, 
hydi'ogen. 
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Thus  if  a  piece  of  white  porcelain  be  held  in  the  flame  of  arseni- 
uretted  hydrogen  burning  in  air,  a  black  shining  spot  of  metallic 
arsenic  is  deposited  on  the  porcelain. 

3.  When  exposed  to  a  low  red  heat,  it  is  decomposed  into 
arsenic  and  hydrogen.  This  reaction,  coupled  with  the  formation 
of  arseniuretted  hydrogen  by  the  action  of  nascent  hydrogen  on 
soluble  compounds  of  arsenic,  is  employed  as  a  means  of  detecting 
minute  traces  of  this  element.  (See  Marsh's  Test,  Reactions  of 
Arsenic.) 

4.  When  passed  through  a  solution  of  argentic  nitrate,  it  yields 
a  precipitate  of  metallic  silver,  whilst  arsenious  and  nitric  acids 
remain  in  solution  : — 

SNO.Ago  +  SOH^  +  AsHg  =  6NO2H0  +  AsHog  +  2>Ag^. 

Argentic  Water.     Arseniuretted       Nitric  Arsenious 

nitrate.  hydrogen.  acid.  acid. 


COMPOUNDS  OF  ARSENIC  WITH  TEE  HALOGENS 
ARSENIOUS  CHLORIDE. 

ASClg. 

Atomic  loeight  =  181-5.  Molecular  volume  VTl-  1  litre  of  arse- 
nious chloride  vapour  weighs  90'75  criths.  Sp.  gr.  2'205.  Boils 
at  134°. 

Preparation. — 1.  Arsenious  cliloride  is  obtained  by  the  action 
of  dry  clilorine  on  arsenic.  The  product  must  be  left  in  contact 
with  arsenic,  in  order  to  free  it  from  excess  of  chlorine,  and  then 
rectified. 

2.  It  may  also  be  prepared  by  distilling  arsenic  with  corrosive 
sublimate : — 

AS2    +    6HgCl2    =    3'Hg'2Cl2    +  2ASCI3. 

Mercuric  Mercurous  Arsenious 

chloride.  chloride.  chloride. 

3.  It  is  most  readily  obtained  by  distilling  a  mixture  of  arseni- 
ous anhydride,  sodic  chloride,  and  concentrated  sulphuric  acid  : — 

AS2O3    +    6]^aCl    +    6SO2H02  2ASCI3 

Arsenious  Sodic  Sulphuric  Arsenioua 

anhydride.  chloride.  acid.  chloride. 

+    6S02HoNao    +  3OH2. 

Ilydric  sodic  Water, 
sulphate. 
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In  this  way  hydrochloric  acid,  in  the  preparation  of  which 
arsenical  sulphuric  acid  has  been  employed,  always  contains 
arsenic. 

4.  When  a  solution  of  arsenious  anhydride  in  aqueous  hydro- 
chloric acid  is  boiled,  arsenious  chloride  volatiHses  along  with  the 
steam : — 

AS2O3     +     6HC1     =     2ASCI3     +  30H,. 

Arsenious  Hydrochloric  Arsenious  Water 

anbydnde.  ,  acid.  cliloride. 

Properties.— Arsenions  chloride  is  an  oily  liquid  which  does  not 
sohdify  at  -29°.  It  fumes  strongly  in  contact  with  moist  air.  It 
is  extremely  poisonous. 

Reactions.— 1.  A  small  quantity  of  water  dissolves  it,  forming 
a  clear  solution,  from  which  needle-shaped  crystals  of  arsenious 
chlordihydrate  are  deposited  on  standing  :— 

ASCI3     +     2OH2     =     AsClHo,     +  2HC1. 

Arsenious  Water.  Arsenious  Hydroohloric 

''blonde.  cMordihydrate.  acid. 

2.  An  excess  of  water  decomposes  it  into  arsenious  anhydride 
and  hydrochloric  acid  : — 

2ASCI3     -j-     3OH2     =     6HC1     +  AS2O3. 

Arsenious  Water.  HydrocUoric  Arsenious 

cMoride.  acid.  anhydride. 

3.  It  absorbs  gaseous  ammonia  forming  a  crystalline  compound 
of  the  formula  AsCl3,2NH3. 

Aeseniofs  beomide,  AsBrg  {molecular  volume  I  I  1).  is  prepared  by  adding 
finely  powdered  arsenic  to  a  solution  of  bromine  in  carbonic  disulpliide.  It  crys- 
tallises in  colourless  deliquescent  prisms,  f  using  between  20°  and  25°.  It  boils  at 
220''.    Water  decomposes  it  like  the  chloride. 

Arsenious  iodide,  Aslg  (molecular  volume  I  I  I  ),  is  prepared  in  a  similar 
manner,  and  forms  lustrous  brick-red  laminte. 

Aeseniotjs  FLirOEiDR,  AsFg  {molecular  volume  I  I  I  ),  is  obtained  by  distilling 
a  mixture  of  1  part  of  powdered  fluorspar  and  1  part  of  arsenious  anhydride  with 
5  parts  of  concentrated  sidphuric  acid  : — 

AsPs    +    6HF    =    2ASF3    -1-  SOHo- 

It  is  a  colourless  fuming  liquid  of  sjd.  gr.  2-7,  boiling  at  63°.  Brought  in  contact 
with  the  skin  it  produces  very  dangerous  wounds.  Water  decompo.ses  it  like 
arsenious  chloride. 


Aesenio  pentafltt.oride,  AsPj,  is  known  only  in  the  fonn  of  the  double  com 
pound,  AsFijKF,  obtained  by  dissolving  potassic  arsenate  in  liydrolluoric  acil 
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COMPOUNDS  OF  ARSENIC   WITH  OXYGEN  AND 


ARSENIOUS  ANHYDRIDE,  Arsenic,  White  Arsenic, 


Molecular  weight  =  396.     Molecidar  vohcme  1  Hire  of 

arsenious  anhydride  vapour  weighs  198  criths.  Sp.  gr.  {octa- 
hedral) 3-69,  {amorphous)  3'74. 

Occurrence.— I.  Arsenious  anhydride  is  found  in  nature  in  two 
rare  minerals:  in  the  octahedral  form  as  arsenic  bloom  and  in 
rhombic  crystals  as  claudetite. 

Preparation. — It  is  formed  when  arsenic  is  burnt  in  air  or 
oxygen.  In  this  way,  it  is  obtained  as  a  by-product  in  the  roast- 
ing of  arsenical  ores  in  various  metallurgical  operations.  The 
arsenious  anhydride  sublimes  and  is  condensed  in  large  flues. 

Properties. — Commercial  amorphous  arsenious  anhydride  forms, 
when  first  prepared,  a  colourless  vitreous  mass,  which  after  a  time 
becomes  white  and  opaque,  owing  to  its  gradual  transformation 
into  the  crystalline  variety.  This  change  is  accompanied  by  a 
decrease  in  the  sp.  gr.  from  3-74  to  3-69.  Crystalline  arsenious 
anhydride  is  soluble  in  80  parts  of  cold  water ;  the  amorphous 
modification  in  25  parts  ;  hydrochloric  acid  increases  the  solubility. 
The  hot  saturated  solution  in  hydrochloric  acid  deposits  octahedral 
crystals  ;  if  a  solution  of  the  amorphous  variety  be  employed,  the 
formation  of  each  crystal  is  attended  with  a  flash  of  light  visible 
in  the  dark.  When  the  octahedral  anhydride  is  heated,  it  sublimes 
without  fusing,  and  is  again  condensed  in  octahedral  crystals ; 
under  pressure,  however,  it  may  be  fused,  and  is  thus  converted 
into  the  amorphous  modification. 

A  second  crystalline  modification  of  arsenious  anhydride, 
belonging  to  the  rliombic  system,  is  sometimes  found  in  the 
arsenic  flues.    It  is  also  deposited  from  a  solution  of  an  excess  of 
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Arsenious  anhydride 
Arsenic  anhydride. . 
Arsenious  acid  . .  . . 
Arsenic  acid   


(AS203)2. 
AS2O5. 
AsHog. 
ASOH03. 


White  Oxide  of  Arsenic. 
(ASaOa)^. 
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the  anliydride  in  boiling  caustic  potash,  or  from  a  solution  of 
argentic  arseuite  m  nitric  acid. 

Arsenious  _  anhydride  has  a  faint,  sweetish  metallic  taste,  and 
when  taken  internally,  acts  as  an  irritant  poison.    A  dose  of 
0  06  gram  has  been  known  to  prove  fatal.    The  best  antidote  is 
freshly  prepared  ferric  hydrate  ('Pe'",Ho,),  which  must  be  ad- 
ministered m  a  large  dose  as  soon  as  possible  after  the  poison  has 
been  swallowed.    The  arsenious  acid  is  oxidised  by  the  ferric 
hydrate  to  arsenic  acid,  which  combines  with  the  excess  of  ferric 
liydrate  to  form  a  basic  ferric  arsenate,  insoluble  in  water  and  in 
the  liquids  of  the  stomach.     By  keeping,  the  ferric  hydrate 
becomes  crystalline  and  inactive :  it  is  therefore  prepared,  when 
wanted,  by  adding  calcined  magnesia  to  a  solution  of  ferric  chloride 
or  sulphate : — 

'^e'\G\   +   3MgO  +   30H,   =  'Pe^  Ho,  +  3MgCL 

hydrate.  cliloride. 

The  magnesic  chloride,  which  is  simultaneously  formed  in  this 
reaction,  serves  by  its  aperient  action  to  remove  the  various 
matters  as  speedily  as  possible  from  the  stomach. 

In  spite  of  the  poisonous  properties  of  arsenious  anhydride,  it 
is  possible  by  long  use  to  train  the  system  to  support  relatively 
large  doses  of  this  substance.  In  Styria,  the  practice  of  arsenic 
eating  is  stated  to  be  not  uncommon.  An  arsenic  eater  has  been 
known  to  consume  0-3  gram  of  arsenious  anhydride  at  once  with- 
out perceptible  ill-effect.  The  practice  is  asserted  by  the  arsenic 
eaters  to  improve  the  complexion  and  to  prevent  shortness  of 
breath. 

Uses. — Arsenious  anhydride  is  employed  in  the  preparation  of 
arsenical  pigments  and  in  the  manufacture  of  glass. 


ARSENIOUS  ACID. 

ASH03. 

Molecular  weight  326. 

When  arsenious  anh}Tlride  is  dissolved  in  water  the  solution 
reddens  litmus  feebly,  and  (contains  arsenious  acid.  Tliis  acid 
cannot  however  be  isolated,  since  on  concentration  the  solution 
deposits  crystals  of  the  anhydride. 

Arsenites. — There  are   two  classes  of  arsenites:  the  ortli- 
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arsenites,  derived  from  the  acid  AsHog ;  and  the  metarsenites, 
derived  from  the  acid  AsOHo.  Only  the  arsenites  of  the  allcali- 
metals  are  soluble  in  water.  They  yield  with  axgentic  nitrate  a 
yellow  precipitate  of  triargentic  arsenite,  AsAgOg.  Among  the 
arsenites  important  by  their  uses,  may  be  mentioned  clihydnc 
■potasdc  arsenite,  AsHosKo,  employed  in  medicine  under  the  name 
of  Fowler's  solution;  and  hydric  ciopric  arsenite,  AsHoCuo'^  which 
forms  the  pigment  Scheele's  green.  Schweinfurt  green,  a  double 
metarsenite  and  acetate  of  copper  of  the  formula 

3As202Cuo",Cu(C2H302)2, 
is  prepared  by  boiling  arsenious  acid  with  cupric  acetate. 


ARSENIC  ANHYDRIDE. 

AS2O5. 

Molecidar  weight  =  230. 

Preparation. — This  compound  is  obtained  by  heating  arsenic 
acid  nearly  to  redness  ; — 

2ASOH03    =    3OH2    +  AS2O5. 

Arsenic  Water.  Arsenic 

acid.  anhydride. 

Properties. — It  forms  a  white  porous  mass. 
Reactions. — 1.  It  dissolves  in  water  with  formation  of  arsenic 
acid. 

2.  When  heated  to  bright  redness  it  fuses  and  is  decomposed 
into  arsenious  anhydride  and  oxygen. 

3.  With  gaseous  hydrochloric  acid  it  yields,  even  at  ordinary 
temperatures,  arsenious  trichloride,  chlorine,  and  water : — 

AS2O5    +    lOHCl    =    2ASCI3    +    2CI2    +  5OH2. 

Arsenic  Hydrochloric         Arsenious  Water 

anhydride.  acid.  trichloride. 


ARSENIC  ACID. 

AsOHog. 

Molecular  weight  =  142. 

Preparation. — Arsenic  acid  is  prepared  by  treating  arsenious 
anhydride  with  nitric  acid : — 

AS2O3  +  2NO2H0  +  2OH2  =  2AsOHo.,  +  N2O3. 
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Properties -m,^n  a  solution  of  arsenic  acid  is  evaporated  to 

-.ASOH03,OH2  are  deposited.  These  crystals  part  with  their 
water  of  _  aystallisation  at  100°,  and  are  converted  into  orth- 
arsenic  acid,  ASOH03.  When  this  acid  is  heated  to  180°  it  fuses 
and  gives  off  water,  and,  on  cooling,  hard  sliining  prismatic  crys- 
tals of  pyrarsemc  acid,  As,03Ho„  separate  out.  If  the  heatin. 
be  carried  to  206°,  the  whole  is  converted  into  a  white  nacreous 
mass  of  metarsenic  acid,  AsO^Ho.  These  three  acids  correspond 
to  the  three  varieties  of  phosphoric  acid  ;  but  the  pyro-  and  met- 
arsemc  acids  differ  from  the  pyro-  and  meta-phosphoric  acids  in 
being  capable  of  existing  only  in  the  solid  state.  In  solution  they 
are  at  once  converted  into  ortharsenic  acid,  and  the  same  is  the 
case  with  their  salts,  which  may  be  prepared  in  the  same  way  as 
the  corresponding  salts  of  meta-  and  pyrophosphoric  acid  (pp.  388 
and  389). 

Iieactio7is.—l.  When  arsenic  acid  is  distilled  with  fumin^ 
hydrochloric  acid,  arsenious  trichloride,  chlorine,  and  water  distil 
over : — 

ASOH03    +    5HC1    =    ASCI3    -f-    CI2    +  4OH2. 

Arsenic__  ArBcnious  Water. 

trichloride. 

In  the  receiver  the  reverse  reaction  takes  place,  arsenic  acid  and 
hydrochloric  acid  being  regenerated. 

2.  Sulphurous  acid  reduces  it  to  arsenious  acid : — 

ASOH03    +    SOH02    =    ASH03    +  SO2H02. 

Arsenic  Sulphurous  Arsenious  Sulphuric 

acid.  acid.  acid.  acid. 

Other  reducing  agents  act  in  a  similar  manner. 

Arsenates. — The  arsenates  are  isomorphous  with  the  correspond- 
ing phosphates.  Arsenic  acid  is  a  tribasic  acid,  and  forms  three 
series  of  salts;  normal,  monohydric,  and  dihydric.  The  alka- 
line arsenates  are  soluble  in  water  ;  of  the  others  only  the  dihydric 
salts  are  soluble,  but  all  dissolve  readily  in  acids. 

The  following  arsenates  occur  in  nature : — 

Haidingerite    2AsOHoCao",OH2. 

Pharinacolite    2AsOHoCao",50H2. 

Cobalt  bloom    As202Coo"3,80H2. 

Mimetesite  (isomorphous  with"! 

pyromorphite,      vanadinite,  >-AS303Pbo"'^  (p|Pb"). 

and  apatite,  pp.  392  and  401)  J  ^ 


DIARSENIOUS  DISULPHIDE.  '^^^ 

For  the  reactions  of  the  arsenates,  see  General  Reactions  of 
Arsenic. 

COMPOUNDS  OF  ARSENIC  WITH  SULPHUR  AND 

HYDROSULPHYL. 

r AsS"  _  'Ac" 

Eealgar   ^gS"  ~         ^  ^" 

Sulpharsenious     anhydride         g//  _ 

{Arsenious  sulphide) ....         ^  ^' 
Sulpharsenic  anhydride  [Ar-  ^ 

senic  sulphide)   ^ 

Sulpharsenious  acid   AsHsg. 

Sulpharsenic  acid   AsS^Hsg. 

DIARSENIOUS  DISULPHIDE,  Realgar. 

fAsS" 


'As^aS''^,  or 


1  AsS''- 


Molecular  weight  =  214.    Sp.  gr.  3-5. 

Occurrence. — This  substance  occm-s  in  nature  as  the  mineral 
realgar. 

Preparation. — 1.  It  may  be  obtained  artificially  by  heating 
together  sulphur  and  arsenic  in  the  proportions  expressed  by  the 
formula. 

2.  A  second  method  consists  in  heating  in  an  iron  retort  a 
mixture  of  arsenical  pyrites  and  iron  pyrites : — 

'As\(i\S"^)\  +  2PeS"2  =  'As"2S"2  +  6FeS". 

Arsenical  Ferric  Diarsenious  Ferrous 

pyrites.  disulpliide.  disulphide.  sulphide. 

The  diarsenious  disulphide  distils  over,  whilst  ferrous  sulphide 
remains  in  the  retort.  Most  of  the  realgar  of  commerce  is  pre- 
pared by  this  method. 

Properties. — Native  realgar  occurs  in  ruby-coloured  monoclinic 
prisms  and  also  massive.  The  artificial  product  forms  a  dark-red 
crystalline  mass.  It  fuses  readily,  and  may  be  distilled  without 
decomposition. 

Reaction. — 1.  "When  heated  in  contact  with  air  it  burns,  with 
formation  of  arsenious  and  sulphurous  anhydrides : — 

'As"2S"2    +     70     =     AS2O3     +  2S0,. 

Diarsenious  Arsenious  Sulphurous 

disulphide.  anhydride.  anydride. 
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SULPHARSENIOUS  ANHYDRIDE,  Arscnious 

Sulphide,  Orpiment. 

Molecular  weight  =  246.    Sp.  gr.  3-5 

O.CTO..-Sulpharsemous  anhydride  occurs  native  as  the 
mineral  orpiment. 

Preparcaion.-lt  may  be  obtained  by  precipitating  a  solution 

ifyd'gen"-  "  l^jclrochloric  acid  Vith  sulphuretted 

2ASCI3     +     3SH2     =     6HC1     +  AsS" 

iMoride'  Sulphuretted       Hydrocblorie  Arsenious 

cJiIoride.  hydrogen.  acid.  sulphide. 

_  Properties.— l^^tiYQ  orpiment  forms  lemon-coloured  rhombic 
prisms.  The  substance  obtained  by  precipitation  is  a  yellow 
powder,  which  fuses  to  a  reddish  liquid,  and  may  be  distilled  with- 
out  decomposition. 

Reactions.~l.  Arsenious  sulphide  dissolves  in  caustic  alkalies 
producing  an  arsenite  and  a  sulpharsenite  :— 

As,S"3   +    40KH   =   AsHoKo^  +  AsHsKs^    +  OH,. 

fnh^^lrir  i^"^*""'!'"       ^^'^"'^  dipotassic        Sulphydric  Water, 

sulphide.  hydi'ate.  arsenite.  disulphopotassic 

sulpharsenite. 

By  the  addition  of  an  acid  the  arsenious  sulphide  is  repre- 
cipitated : — 

ASH0K02     +     AsHsKs^     +     4HC1     =  4KC1 

Hjdric  dipotassic  Sidphydric  Hydrochloric  Potassic 

arsenite.  disulphopotassic  acid.  chloride, 

sulpharsenite. 

Arsenious  Water, 
sulphide. 

2.  It  dissolves  in  alkaline  sulphides,  forming  sulpharsenites ; — 
As^S^g      +      3SK2     =  2ASKS3. 

Arsenious  Potassic  Potassic 

sulphide.  sulphide.  sulpharsenite. 

Sulpharsenites. — These  salts  correspond  to  the  arsenites.  Only 
the  alkaline  salts  are  soluble.    On  the  addition  of  an  acid  to  their 
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solutions,  arsenious   sulphide  is  precipitated,  and  sulphuretted 
hydrogen  is  evolved : — 
2ASKS3    +    6HC1    =    6KC1    +    As^S'':,    +  SSH^. 

Po'assic  HydrocMoric       Potassic  Arsenious  Sulphuretted 

sulpkarsenite.  acid.  chloride.  sulphide.  hydrogen. 

Colloidal  Arsenious  Sulphide.-On  saturating  a  pure  aqueous  solution  of  arse- 
nious anhydride  with  sulphuretted  hydrogen,  the  liquid  assumes  a  yellow  colou r 
with  a  reddish  fluorescence;  but  no  precipitate  is  formed.  In  this  condition  the 
solution  contains  a  colloidal  modification  of  arsenious  sulphide,  which  may  be 
separated  from  unaltered  arsenious  anhydride  by  dialysis.  By  spontaneous  evapo- 
ration this  soluble  sulphide  is  obtained  in  transparent  amorphous  masses  of  a 
yeUow  or  reddish-yeUow  coloui-,  with  a  conchoidal  fracture.  Acids  and  various 
metallic  salts  precipitate  ordinary  insoluble  arsenious  sulphide  from  the  solution. 


SULPHARSENIC  ANHYDRIDE,  Arsenic  Sulphide. 

As^S-s. 

Molecular  tmight  =  310. 

Preparation.— I.  Sulpharsenic  anhydride  may  be  prepared  by 
fusing  together  arsenious  sulphide  and  sulphur  in  the  required 
atomic  proportions. 

2.  It  is  obtained  as  a  yellow  precipitate  by  adding  hydro- 
chloric acid  to  a  solution  of  a  sulpharsenate  : — 

2AsS"Ks3    +    6HC1   =    6KC1   +    As^S''^    +  SSH^. 

Potassic  Hydi-ochloric      Potassic  Arsenic  Sulphm-etted 

sulpharsenate.  acid.  chloride.  sulphide.  hydrogen. 

It  cannot,  as  was  formerly  supposed,  -be  prepared  by  passing 
sulphuretted  hydrogen  through  a  solution  of  arsenic  acid.  The 
yellow  precipitate  formed  under  these  circumstances  is  a  mixture 
of  arsenious  sulphide  and  sulphur  in  the  proportion  ASgS'g  +  S.j. 

SulpJiarsencLtes.—TiiQ^Q  salts  may  be  prepared  by  passing  sul- 
phuretted hydrogen  through  solutions  of  arsenates : — 

AsOHoNao^     +     4SH2     =     AsS^'HsNas^     +  40H.2. 

Hydric  disodic  Sulphuretted  Sulphydric  "Water, 

arsenate.  hydrogen.  disulphosodic 

sulpharsenate. 

General  Properties  and  Keactions  of  the  Compounds  of 
Arsenic. — Owing  to  the  frequency  of  cases  of  poisoning,  both 
accidental  and  intentional,  with  arsenic,  the  detection  of  this  sub- 
stance, even  when  present  in  the  minutest  traces,  becomes  a  matter 
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Of  great  importance.  For  a  detailed  account  of  the  metliods  to  be 
employed  and  of  the  precautions  to  be  taken  in  a  toxicoloracaj 
investigation  of  tliis  kind,  special  works  on  analytical  chemrstry 
must  be  consulted. 

_  a.  A7'semtes.—Fxom  the  hydrochloric  acid  solution  of  an  arse- 
ni  e  or  of  arsenious  anhydride,  sulphuretted  hydrogen  precipitates 
yellow  arsenious  sulphide.  The  precipitate  is  formed  slowly  in  the 
cold,  more  rapidly  on  warming;  it  is  soluble  in  ammonic  sulphide 
caustic  alkaHes,  ammonic  carbonate,  and  hydric  potassic  sulphite' 
almost  insoluble  in  hydrochloric  acid.  Soluble  arsenites  yield  in 
neutral  solution  with  argentic  nitrate  a  yellow  precipitate  of 
argentic  arsenite,  soluble  both  in  nitric  acid  and  in  ammonia 
With  a  solution  of  arsenious  anhydride  the  yellow  precipitate  only 
makes  its  appearance  on  the  careful  addition  of  ammonia,  so  as  to 
neutralise  the  free  nitric  acid. 

I.  Arsenates.~Oxi\^  the  alkaline  arsenates  are  soluble  in  water. 
From  neutral  solutions  argentic  nitrate  precipitates  reddish-bro^'n 
triargentic  arsenate,  soluble  in  ammonia.  A  mixture  of  magnesic 
sulphate,  ammonic  chloride  and  ammonia  gives  a  white  crystaUine 
precipitate  of  ammonic  magnesic  arsenate  (AsOMgo"Amo,60H2), 
isomorphous  with  the  corresponding  phosphorous  compound  (p! 
392).^  Sulphuretted  hydrogen  in  acid  solutions  first  reduces  the 
arsenic  acid  to  arsenious  acid  with  separation  of  sulphur ;  after 
which  the  arsenious  acid  is  precipitated  as  arsenious  sulphide.  In 
the  cold,  the  reduction  of  arsenic  acid  by  sulphuretted  hydrogen 
takes  place  with  extreme  slowness  ;  the  action  is  gi-eatly  aided  by 
keeping  the  liquid  at  a  temperature  of  from  50°  to  70°  while 
passing  in  the  sulphuretted  hydrogen. 

Marsh's  Test. — If  any  of  the  oxygen  or  halogen  compounds  of 
arsenic  be  introduced  into  an  apparatus  in  which  hydrogen  is  being 
generated  from  zinc  and  dilute  sulphuric  acid,  the  arsenic  is 
evolved  as  arseniuretted  hydrogen  together  with  an  excess  of 
hydrogen.  If  the  escaping  gas  be  ignited  and  a  cold  surface  of 
white  porcelain  be  held  in  the  flame,  a  black  lustrous  film  of 
metallic  arsenic  is  deposited  upon  the  porcelain.  In  like  manner 
if  the  gas  be  passed  through  a  strongly  heated  glass  tube,  metallic 
arsenic  condenses  as  a  lustrous  mirror  just  beyond  the  heated  por- 
tion. These  thin  films  of  arsenic  are  at  once  dissolved  by  a  solution 
of  sodic  hypochlorite.  (Distinction  from  antimony.)  The  sulpliur 
compounds  of  arsenic,  and  metallic  arsenic  itself,  do  not  yield 
arseniuretted  hydrogen  under  the  above  conditions.    The  i>resence 
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of  nitric  acid  and  other  oxidising  agents  prevents  the  formation  of 
arseniuretted  hydrogen.  In  applying  Marsh's  test  and  all  similar 
tests  it  is  necessary  to  ascertain  by  a  blank  experiment  that  the 
reao-ents  employed  are  free  from  arsenic. 

°RcinscKs  Test.—li  a  solution  of  an  arsenic  compound  in  hydro- 
chloric acid  be  boHed  with  a  piece  of  pure  bright  copper,  the 
surface  of  the  metal  becomes  covered  with  a  dark-grey  coating  of 
arsenide  of  copper.  If  this  coating  be  separated,  dried,  and  then 
heated  in  a  small  glass  tube,  a  portion  of  the  arsenic  is  oxidised  to 
arsenious  anhydride,  which  forms  a  sublimate  of  minute  trans- 
parent octahedi-a  in  the  tube.  To  this  sublimate  the  above  con- 
firmatory tests  may  be  applied.  This  test  ought  never  to  be  trusted 
Avhen  the  mixture  contains  a  chlorate  or  a  nitrate,  as  a  portion  of 
the  copper  will  then  be  dissolved,  and  the  traces  of  arsenic  which 
are  generally  present  in  the  purest  copper  will  be  precipitated  on 
the  remaining  copper. 

All  compounds  of  arsenic,  when  heated  in  a  narrow  bulb-tube 
with  a  mixture  of  sodic  carbonate  and  potassic  cyanide,  are 
reduced  to  metallic  arsenic,  which  sublimes  and  collects  as  a  mirror 
in  the  colder  part  of  the  tube.  When  heated  with  sodic  carbonate 
on  charcoal  in  the  reducing  flame  of  the  blowpipe,  the  arsenic 
compounds  evolve  a  characteristic  odour  of  garlic. 

NIOBIUM,  Nb,  and  TANTALUM,  Ta. 

Atomic  weights  :  Nb  =  94,  Ta  =  182.    Atomicity  "'  and 

Occurrence. — These  two  very  rare  elements  generally  occur  together  as  tantalates 
and  niobates. 

Preparation. — Very  little  is  known  of  them  in  the  free  state.  They  may  be 
obtained  as  black  powders  by  heating  potassic  niobofluoride  and  potassic  tantalo- 
fluoride  with  potassium  or  sodium. 

The  following  are  some  of  the  principal  compounds  of  these  elements  : — 

COMPOUNDS   OF  NIOBIUM. 


Niobie  chloride    NbClj. 

Niobic  oxy trichloride   NbOCls. 

Niobic  fluoride    NbFg. 

Potassic  niobofluoride   NbKoFj. 

Hyponiobous  oxide    'NVoO^. 

llyponiobic  oxide    'Nb'''i04. 

l^iobic  anhydride    Nb^Os. 


COMPOUNDS  OF  TANTALUM. 


Tliese  correspond  with  the  above  compounds  of  niobium,  with  the  single  excep- 
tion that  hypotan'alous  oxide  has  not  been  prepared. 
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ANTIMONY,  Sb^? 

Atomic  weight  =  120.  Pwhable  molecular  weight  =  480.  Sjj  gr 
{crystcdline),  67;  {amorphous),  6-78.  Fuses  at  430°.  Ato- 
micity  "'  and  ^.    Evidence  of  Atomicity  :—- 


Antimonious  chloride   Sb"'C]  . 

Antiinonic  tetretho-chloride         1  qv.vt? 

(tetretijl-stibonic  chloride)  j  Sb^Et^Cl. 

Antiinonic  chloride   Sb^Cl 


History.— Many  of  the  compounds  of  antimony  have  been 
known  from  very  early  times.  In  the  fifteenth  century  Basil 
Valentine  described  the  preparation  of  metallic  antimony. 

Occurrence.— Antimony  is  rarely  found  native.  Sometimes  it 
occurs  alloyed  with  other  metals  in  various  minerals.  Combined 
with  oxygen  it  occurs  as  vcdentinite  or  antimonious  oxide,  and  as 
antimony  ochre  or  diantimonious  tetroxide.  The  chief  source  of 
antimony  is  grey  antimony  ore  or  stibnite,  which  consists  of  anti- 
monious sulphide.  Sulphantimonites  also  occur,  such  as  miargy- 
rite,  an  argentic  meta-sulphantimonite. 

a.  Crystalline  Antimony. 

Preparation. — 1.  Antimony  may  be  obtained  by  fusing  the 
powdered  native  sulphide  with  iron  filings  : — 

SbsS"^    +    are    =   3PeS"   +  2Sb. 

Antimonious  Ferrous 
sulpliide.  sulphide. 

2.  In  preparing  antimony  on  a  large  scale,  the  sulphide  is  first 
roasted  in  contact  with  air,  when  it  is  partially  converted  into 
antimonious  oxide : — 

2Sb2S"3  =    2Sb203    +  6SO2. 

Antimonious  Antimonious  Sulphurous 

sulphide.  oxide.  anhydride. 

The  roasted  mineral  is  then  fused  with  charcoal  and  sodic  car- 
bonate. The  reaction  takes  place  in  two  stages  :  first,  the  remain- 
ing sulphide  is  converted  into  oxide  by  the  sodic  carbonate,  and 
subsequently  the  oxide  is  reduced  by  the  carbon : — 

1.  Sb^S".,  +  3COmo2  =  3CO2  +  3SNa2  +  SbsO.,. 

Antimonious  Sodis  Ciirbonic  Sodic  Antimonious 

sulphide.  carbonate.        anhydi-ide.      sulphide.  oxide. 
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2.  Sb203    +    3C    =    SCO    +  Sbj. 

Antimonious  Carbonic 
oxide.  oxide. 

3.  Pure  antimony  may  be  obtained  by  reducing  with  charcoal 
tlie  oxide  formed  by  the  action  of  nitric  acid  upon  crude  antimony. 

Properties. — Antimony  is  a  bluish-white  lustrous  metal,  with  a 
crystalline  fracture.  By  slow  cooling  it  may  be  obtained  in  rhom- 
l)ohedra,  closely  approximating  to  the  cube.  It  fuses  at  430°,  and 
may  be  distilled  at  a  white  heat. 

/8.  Amorplwiis  Antimony. 

Preparation. — This  variety,  discovered  by  Gore  {Phil.  Trans., 
1858,  p.  185),  is  obtained  by  the  electrolysis  of  a  solution  of  tartar 
emetic  in  antimonious  chloride. 

Properties. — Amorphous  antimony  has  the  appearance  and  lustre 
of  polished  steel,  with  a  peculiar  mammillated  surface  and  an  amor- 
phous fracture.  It  contains  5  or  6  per  cent,  of  antimonious  chloride 
derived  from  the  electrolyte.  When  heated  or  struck  it  undergoes 
a  molecular  change,  which  spreads  rapidly  through  the  entire  mass 
and  is  attended  with  a  rise  of  temperature  from  15°  to  250°.  At 
the  same  time  fumes  of  antimonious  chloride  are  evolved.  After 
this  change  the  metal  is  found  to  possess  an  increased  density  and 
to  have  acquired  a  granular  fracture. 

Peadions. — 1.  When  antimony  is  heated  to  redness  in  air  it 
.burns,  forming  antimonious  oxide.  'If  a  small  quantity  of  anti- 
mony be  heated  on  charcoal  to  its  point  of  ignition,  and  then 
thrown  on  to  a  large  sheet  of  paper  folded  into  the  form  of  a  tray, 
the  metal  breaks  up  into  a  number  of  globules,  which  dance  about 
on  the  surface  of  the  paper,  burning  brilliantly  and  leaving  black 
intermittent  streaks  behind  them. 

2.  With  hot  concentrated  sulphuric  acid  it  yields  antimonious 
sulphate  with  evolution  of  sulphurous  anhydride : — 

2Sb    +    6SO,Ho2    =    S306(Sb20,)vi    -f    3S0,   +  GOH^. 

Sulphuric  Antimonious  Sulpburous  Water, 

acid.  sulphate.  anhydride. 

C/ses.— Metallic  antimony  is  employed  only  in  the  form  of  its 
alloys,  to  which  it  imparts  the  valuable  property  of  expanding  on 
solidification.  This  renders  them  especially  suitable  for  taking 
sharp  casts.  The  most  important  alloys  containing  antimony  are 
type  metal  and  Britannia  metal  (q.v.). 

2  E 
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COMPOUND  OF  ANTIMONY  WITH  HYDROGEN. 

ANTIMONIURETTED  HYDROGEN,  Antimonious 

Hydride. 

SbH3. 

Moleadar  weight  =  123. 

This  compound  is  unknown  in  the  pure  condition. 
Preparation. — 1.  It  is  prepared  by  the  action  of  hydrochloric 
acid  upon  au  alloy  of  zinc  and  antimony  : — 

Sb^Zn^'g     +     6HC1     =     2SbH3     +  3ZnCl2. 

Antimonious  Hydrochloric  Antimonious  Zincic 

zincide.  acid.  hydride.  chloride. 

2.  It  is  formed  by  the  action  of  nascent  hydrogen,  evolved  from 
zinc  and  sulphuric  acid,  upon  soluble  antimony  compounds : — 

SbClg     +     3H2     =     SbHg     +  3HC1. 

Antimonious  Antimonious 
chloride.  hydride. 

In  both  these  reactions  the  antimonious  hydride  is  always 
mixed  with  much  hydrogen. 

Properties. — It  is  a  colourless  gas,  possessing  a  most  offensive 
odour.    It  burns  with  a  bluish  flame. 

Reactions. — 1.  When  burnt  in  air  or  oxygen,  it  yields  water 
and  antimonious  oxide : — 

2SbH3     +     3O2     =     Sb203     +  3OH2. 

Antimonious  Antimonious  Water, 

hydride.  oxide. 

2.  When  burnt  with  a  limited  supply  of  air,  the  hydrogen  alone 
is  oxidised,  the  antimony  being  deposited : — 

4SbH3    +    3O2    =    Sb^    +  6OH2. 

Thus,  if  a  cold  surface  of  porcelain  be  held  in  the  flame  of 
antimonious  hydride,  a  dull  black  spot  of  metallic  antimony  is 
formed. 

3.  When  passed  through  a  red-hot  tube,  it  is  decomposed,  like 
arsenious  hydride,  into  its  elements. 

4.  When  transmitted  through  a  solution  of  argentic  nitrate,  it 
produces  a  black  precipitate  of  antimonious  argentide,  thus  difl"er- 
ing  from  arsenious  hydride  (p.  405) : — 
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SNOjAgo    +    SbHg    =    3NO2H0    +  SbAg3. 


Argentic  Antimonious  Nitric  Antimonious 

nitrate.  hydride.  acid.  argentide. 

From  the  composition  of  this  compound,  and  from  that  of  some 
of  its  analogues,  the  composition  of  antimonious  hydride  is 
infeiTcd. 

Antimonious  hydride   SbHg. 

Antimonious  bromide  ,   .  ......  SbBrg. 

Antimonious  argentide    SbAgg. 

Antimonious  zincide   Sb^Zn'g. 

Antimonious  ethide  (Trietliylstihine) . .  SbEtg. 


Antimonious  amylide  (Triamylstibine)  SbAyg. 

COMPOUNDS  OF  ANTIMONY  JVITH  THE 
HALOGENS. 


Antimonious  chloride   SbClg. 

Antimonic  chloride   SbClg. 

Antimonious  bromide   SbBrg. 

Antimonious  iodide   Sblg. 

Antimonious  fluoride   SbFg. 

Antimonic  fluoride   SbFg. 


ANTIMONIOUS  CHLORIDE. 

SbClg. 

Molecular  weight  =  226-5.  Molecular  voluvie  \JJ.  1  litre  of 
antimonious  chloride  vapour  weighs  113-25  criths.  Fuses  at 
72°.    Boils  at  223°. 

Preparation.— 1.  This  compound  is  formed  when  chlorine  is 
passed  over  excess  of  metallic  antimony  or  antimonious  sul- 
phide : — 

2Sb    +    3CI2    =  2SbC]3. 

Antimonious 
chloride. 

2Sb2S"3    +    9CI2    =    4SbCl3    +  S'S'^Cl^. 

Antimonious  Antimonious  Disulphur 

*"lP"i<ie-  chloride.  dichloride. 

The  product  must  be  purified  by  distillation. 
2.  It  may  also  be  prepared  by  dissolving  antimonious  sulphide 

2  E  2 
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in  hydrochloric  acid,  or  antimouy  in  aqua-regia,  evaporating,  and 
distilling  the  product : —  ° 


3     +  6HC1 

Autimonious  Hydrocliloric 
sulpliide.  acid. 


2Sb 


+      6HC1  + 

Hydrochloi-ic 
acid. 


=  3SH, 

Sulplim-etted 
hydrogen. 

6NO2H0 

Nitric 
acid. 


+  2SbCl3. 

Antimonious 
chloride. 


=  2SbCl3. 

Antimonious 
chloride. 


+    6OH2    +  '6'W\0^. 

Water.  Nitric 
peroxide. 

The  receiver  must  be  changed  as  soon  as  the  distillate  begins 
to  solidify,  and  the  product  which  is  collected  above  this  pomt 
must  be  purified  by  repeated  rectification. 

3.  It  may  be  conveniently  obtained  by  the  distillation  of  a 
mixture  of  1  part  of  powdered  antimony  with  3  parts  of  mercuric 
chloride,  or  of  3  parts  of  antimonious  sulphide  with  7  parts  of 
mercuric  chloride : — 


S\   +  4HgCl2 

Mercuric 
chloride. 


=    2SbCl3  4- 

Antimonious 
chloride. 


'Sb 

Dimoreuiic 
diantimonide. 


+ 


'Hg'.Cl,. 

Mercurous 
chloride. 


Sb^S^g  + 

Antimonious 
sulphate. 


JHgClg     =     2SbCL  + 


Mercuric 
chloride. 


Antimonious 
chloride. 


3HgS. 

Mercuric 
sulphide. 


4.  Another  method  consists  in  distilling  together  antimonious 


sulphate  and  sodic  clxloride 


SgOgSbo'-, 

Antimonious 
sulphate. 


+    6NaCl    =    2SbCL  + 


Sodic 
chloride. 


Antimonious 
chloride. 


Sodic 
sulphate. 


Properties. — Antimonious  chloride  is  a  soft,  colourless,  lami- 
nated crystalline  mass.  From  its  consistency  and  fusibility,  it  was 
formerly  known  as  hutter  of  antimony.  It  is  deliquescent  and 
powerfully  corrosive. 

Reaction.  —  With  water  it  produces  antimonious  oxychloride, 
which  is  thus  obtained  as  a  white  powder  : — 

SbCl3      +     OH2     =     2HC1     +  SbOCl. 

Antimonious  Water.  Hjdrochloric  Antimonious 

chloride.  acid.  oxychloride. 


ANTIMONIC  CHLORIDE. 
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Long  continued  action  of  water  transforms  this  compound  into 
autimonious  oxide : — 

2SbOCl     +     OH2     =     2HC1     +  SbaOg. 

Antimonioiis  Water.  Hydrochloric  ABfcimonious 

oxychloride.       *  acid.  oxide. 

ANTIMONIC  CHLORIDE. 

Molecular  %oeight  —  297'5.    Fuses  at  0°. 

Preparation. — It  is  obtained  by  acting  upon  antimony  with 
excess  of  chlorine,  or  by  passing  this  gas  over  antimonious  chloride, 
when  the  latter  liquefies,  producing  antimonic  chloride : — 

2Sb    +    5CI2    =  2SbCl5. 

Antimonic 
chloride. 

SbClg    +    CI2    =  SbClg. 

Antimonious  Antimonic 
chloride.  chloride. 

Properties. — Antimonic  chloride  is  a  colourless,  fuming  liquid. 
It  is  readily  decomposed  on  heating  into  antimonious  chloride 
and  free  chlorine,  and  thus  behaves  towards  many  substances  as  a 
chlorinating  agent. 

Reactions. — 1.  With  a  small  quantity  of  water,  it  forms  anti- 
monic oxytrichloride,  analogous  to  phosphoric  oxytrichloride : — 

SbClg     +     OH2     =     SbOOlg     +  2HC1. 

Antimonic  Water.  Antimonic  Hydrochloric 

chloride.  oxytrichloride.  acid. 

2.  An  excess  of  water  transforms  antimonic  chloride  into 
orthantimonic  acid,  or  pyrantimonic  acid  corresponding  to  pyro- 
phosphoric  acid : — 

SbClg    -f    4OH2    =    SbOHog    +  5HC1, 

Antimonic  Water.  Orthantimonic  Hydrochloric 

chloride.  acid.  acid. 

or  2SbCl5     +     7OH2     =     Sb203Ho4     +  lOHCl. 

Antimonic  Water.  Pyrantimonic  Hydrochloric 

chloride.  acid.  acid. 

3.  By  the  action  of  sulphuretted  hydrogen,  antimonic  sulpho- 
trichloride  is  formed  : — 
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SbClg     +     SH2     =     SbS"Cl3     +  2HC1. 

Antimonic         Siilpliuretted  Antimonic  Hydrochloric 

chloride.  hydrogen.        Sulphotriohloride.  acid. 

Antimonious  bromide,  SbBrg,  resembles  antimonious  chloride.  It  crystallises 
f rem  carbonic  disulphide  in  colourless  octahedra.  It  fuse%  at  90',  boils  at  275°,  and 
by  the  action  of  water  is  converted  into  the  oxi/bromide,  SbOBr. 

Antimonious  iodide,  Sbig,  crystallises  in  red  hexagonal  plates,  and,  when  acted 
upon  by  water,  forms  the  oxyiodide,  SbOI. 

Antimonious  fluoride,  SbPg,  is  obtained  by  evaporating  a  solution  of  antimonious 
oxide  in  excess  of  hydrofluoric  acid.  It  crystallises  in  colourless  prisms  or  scales, 
and  deliquesces  witli  formation  of  the  oxyfluoride  SbOF. 

Antimonic  fluoride,  SbFj,  is  left  behind  as  a  gummy  mass  when  a  solution  of 
antimonic  acid  in  hydrofluoric  acid  is  evaporated  in  vacuo. 

OXIDES  AND  ACIDS  OF  ANTIMONY. 


Antimonious  oxide  or  anhydride   (Sb203)2. 

Diantimonic  tetroxide   'Sb'^204- 

Antimonic  anhydride    Sb205. 

Metantimonious  acid   SbOHo. 

Orthantimonic  acid    SbOHo3  ? 

Metantimonic  acid  ,   SbOjHo. 

Pyrantimonic  acid   Sb203Ho4. 


ANTIMONIOUS  OXIDE,  or  ANHYDRIDE. 

(Sb.,03)2. 

Molecular  weight  =  576.  Molecular  volume  I  I  I-  1  litre  of  anti- 
monious oxide  vapoiir  weighs  288  criths.  Sp.  gr.  (octahedral) 
5'25,  (rhomhic)  5'55. 

Occurrence. — Antimonious  oxide  is  found  in  nature  in  two  rare 
minerals :  in  the  rhombic  form  as  valentinite,  and  in  the  octa- 
hedral form  as  scnarmontite. 

Preparation. — 1.  It  is  formed  when  antimony  is  burnt  in  air 
or  oxygen. 

2.  It  is  most  readily  obtained  by  pouring  a  solution  of  anti- 
monious chloride  in  dilute  hydrocliloric  acid  into  a  boiling  solution 
of  sodic  carbonate : — 

2SbCl3    +    3CON"ao2   =    ^h^O^    +   SCOj   +  6NaCl. 

Antimonious  Sodic  Antimonious       Carbonic  Sodic 

chloride.  carbonate.  oxide.  anhydride.  chloride. 

3.  When  metantimonious  acid  is  heated  to  100°,  it  is  converted 
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into  antiuionious  anliydride,  with  elimination  of  the  elements  of 
water : — 


2SbOHo 

Metantimonious 
acid. 


OH2 

Water. 


+ 


Antimonioua 
oxide. 


Properties. — Antimonious  anhydride  may  be  obtained  in  two 
distinct  crystalline  forms — in  rhombic  prisms  and  in  regular  osta- 
l^gclra — corresponding  with  the  two  forms  of  arsenious  anhydride 
with  which  substance  it  is  therefore  isodimorplious.  When  anti- 
mony is  heated  in  a  slow  current  of  air,  rhombic  prisms  of  the 
oxide  are  formed  in  the  immediate  neighbourhood  of  the  metal ; 
further  on,  a  mixture  of  prisms  and  octahedra  is  deposited ;  whilst 
in  the  colder  parts  of  the  tube  the  crystals  consist  of  octahedra 
alone.  Antimonious  oxide  in  both  its  forms  is  colourless,  but, 
when  heated,  assumes  a  yellow  tint,  which  disappears  again  on 
coohng.  When  air  is  excluded,  it  may  be  fused  and  sublimed. 
Water  does  not  dissolve  it. 

Reactions. — 1.  When  heated  to  redness  in  air,  it  burns  like 
tinder,  forming  diantimonic  tetroxide : — 


Sb203 

Antimonious 
oxide. 


+    0  = 


'Sb'^jO^. 

Diantimonic 
tetroxide. 


2.  It  is  readily  reduced  to  the  metallic  state  by  ignition  with 
charcoal  or  hydrogen : — 


Sb,03 

Antimonious 
oxide. 

Sb,03 

Antimonious 
oxide. 


+     3C     =  2Sb 


+  SCO. 

Carbonic 
oxide. 


+  3H, 


2Sb    +  3OH2. 

Water. 


3.  It  is  readily  dissolved  by  a  hot  solution  of  hydric  potassic 
tartrate  (cream  of  tartar),  forming  potassic  antimonylic  tartrate 
(tartar  emetic) : — 


'COHo 
^  ,  CHHo 
^1  CHHo 
LCOKo 

Hydric  potassic 
tartrate  (cream 
of  tartar). 


+ 


SbsOg 


=  2- 


fCO(Sb" 
J  CHHo 
^  CHHo 
COKo 


Antimonious 
oxide. 


Potassic  antimonylic 
tartrate  (tartar 
emetic) . 


+  OH, 


Water. 
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4.  Hydrochloric  acid  dissolves  it  with  formation  of  antimonious 


chloride : — 


Sb^Og     -f-     6HC1     =     2SbCl3     +  30H 

Antimonious        Hydrochloric        Antimonious  Water 
oxide,  acid.  chloride. 


Molecular  weight  =  153 


METANTratONIOTJS  ACID. 
SbOHo. 


Preparation -yi^tr^ntMor,^  acid  is  obtained  by  pouring  a  solution  of  anti- 
monious  chloride  into  a  cold  solution  of  sodio  carbonate  :- 

2SbCl3    +    SCONao,    +    OH,    ^      2SbOHo      +  '  300,     h  6NaCl 

Pro;,.,-i.-e..-It  forms  a  white  amorphous  powder,  which  is  insoluble  in  water. 
Keact%ons.—\.  It  is  decomposed  by  heat  (p.  422). 

2  It  is  dissolved  by  an  excess  of  alkaUne  hydrates,  producing  iU-defined  anti- 
monites. 

It  al5o  possesses  weak  basic  properties  and  forms  salts  in  which  the  monad 
group  (SbO)  replaces  the  hydrogen  of  the  acid.  Potassic  antimonylic  tartrate  is  an 
example. 


DIANTIMONIC  TETROXIDE,  Antimonylic  Antimmatc. 

{thol    =    'Sb%0„  or  SbvO,(Sb-0,). 

Molemlar  weight  =  304. 

Occurrence.  —  Diantimonic  tetroxide  is  found  native  as  cer- 
vantite. 

^  Preparation.— 1.  It  is  obtained  by  igniting  antimonic  anhy- 
dride, or  the  white  solid  produced  by  the  action  of  nitric  acid  upon 
metallic  antimony : — 

=      2'Sb%0,      +  0^. 

Antimonic  Diantimonic 
anhydride.  tetroxide. 

2.  When  antimonious  oxide  is  heated  in  contact  with  air,  it  is 
converted  into  diantimonic  tetroxide  (p.  423). 

Properties:— Diantimonic  tetroxide  is  a  white,  infusible  and 
non- volatile  powder.  When  heated,  it  turns  yellow,  but  becomes 
white  again  on  cooling. 

Peaction. — When  boiled  with  a  solution  of  liydric  potassic 
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tartrate,  it  is  decomposed,  potassic  antimooylic  tartrate  and  metan- 
timonic  acid  being  formed : — 


COHo 

CHHo  +  SV02(Sb"'0,) 
COKo 

Antimonylic 
antLmonate. 


Hjdric  potassic 
tartrate. 


rco(Sb'"02) 

LcOKo 

Potassic  autimonylio  Metantimonic 
tartrate.  acid. 


This  reaction  seems  to  indicate  that  this  oxide  is  in  reality  an 
antimonylic  antimonate  as  formulated  in  the  above  equation. 


ANTIMONIC  ANHYDRIDE. 

Moleadar  loeight  =  320.    Sp.  gr.  6"6. 

Preparation. — It  is  obtained  by  heating  the  corresponding  acids 
to  280° :— 


2SbOHo3 

=  Sb^O, 

+ 

3OH2. 

Orthantimonic 
acid. 

Antimonic 
anhydride. 

"Water. 

2Sb02Ho 

=  Sb^O, 

+ 

OH2. 

Metantimonic 
acid. 

Antimonic 
anhydride. 

Water. 

Sb203Ho4 

=  Sb^O^ 

+ 

2OH2. 

Pyrantimonic 
acid. 

Antimonic 
anhydride. 

Water. 

Properties. — Antimonic  anhydride  is  a  pale  yellow  amorphous 
substance,  insoluble  in  water. 

Reactions. — 1.  When  heated,  it  is  decomposed  into  .antimonylic 
antimonate  and  oxygen  (p.  424).  This  decomposition  begins  at 
300°. 

2.  Fused  with  potassic  carbonate,  it  produces  potassic  metan- 
timonate : — 


Sb^Os 

Antimonic 
anhydride. 


+  COKO2 

Potassic 
carbonate. 


=  2Sb02Ko 

Potassic 
metantimonate. 


+  CO2. 

Carbonic 
anhydride. 


ORTHANTIMONIC  ACID  P 
SbOHog  ? 

Preparation. — This  acid  io  said  to  be  formed  by  the  action  of  water  upon 
antimonic  chloride  (p.  421). 
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IttETANTIMONIC  ACID. 

SbOsHo. 

MfoXrrid-on  "eime'Sl'^  ^i'  -'^«^»^  ' 

acia.  anhydride.  oxide. 

Vyrlnt^:£Vr-  ^^^'^^^'^^'^^  of  orthantimonic  acid,  or  of 

SbOHo3       =       OH,       +  sbO.Ho. 
Orthantmionic  Water.  Metantimonic 

acid. 

Sb^OaHo,       =  +  2SbO.,Ho. 

i:'jrantimonic  Water, 
acid. 


Metantimonic 
acid. 


rediTlTttusr''  "  '  ^"^"''l^  -  -'^t-   The  solution 

:;;S,tn:::^r  *  ^^^^^^^  — 

SbO.Ho       +       OXH       =       SbO.Ko       +  oH, 
Metan,momc  Potassic  Potassic  Water, 

lijdrate.  metantimonate. 

SbO^Ho       +       OKH       =  SbOHo^Ko. 
Metantimonic  Potassic  Dihydric  potassic 

'^"I'i-  hydrate.  orthantimonate. 

PYEANTIMONIC  ACID,  Parantimonic  Acid  {Metantimonic  Acid  of  JEVemy). 

Preparation.— 1.  It  is  formed  by  the  action  of  water  upon  antimonic  chloride 
(p.  421). 

2.  It  is  also  obtained  by  acidifying  solutions  of  pyrantimonates  :— 

Sb.OgKosKos       +       2HC1       =       Sb.OgHoj       +  2KC1. 
Dihydi-ic  dipotassic       Hydrochloric         Pyrantimonic  Potassic 
pyrantimonate.  acid.  acid.  chloride. 

Dihydric  dipotassic  pyrantimonate  is  prepared  by  fusing  antimonic  anhydride 
with  an  excess  of  potassic  hydrate,  and  extracting  the  mass  with  water,  when  an 
alkaline  solution  containing  dihydric  dipotassic  pyrantimonate,  Sb^OsHooKo,,  is 
obtained.  This  solution  produces  precipitates  in  solutions  of  sodium  salts,  the  sodic 
pyrantimonate  thus  formed  having  the  formula  Sb203HoaNao2,60H2. 

COMPOUNDS  OF  ANTIMONY  WITH  SULPHUR. 

Antimonious  sulphide   Sb2S"3. 

Antimonic  suliDliide   Sb2S"5. 


ANTIMONIOUS  SULPHIDE. 
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ANTIMONIOUS  SULPHIDE,  Sidphantimonious 

Anhydride. 
Sb^S-'g. 

Molecidar  weight  =  336. 

Occicrrence.—Antimomous  sulphide  is  found  in  nature  as  sHb- 

nite  ox  grey  antimony  ore. 

Preparation— 1.  It  may  be  obtained  by  heating  together 
antimony  and  sulphur,  or  antimonious  oxide  and  sulphur,  in  the 
proper  molecular  proportions  : — 

Sb^      +      SS2      =  2Sb2S"3. 

Antimonious 
siilpbide. 

2Sb203    +    9S    =    2Sb2S"3    +  SSO^. 

Antimonious  Antimonious  Siilphurous 

oxide.  sulphide.  anhydride. 

2.  It  is  precipitated  when  sulphuretted  hydrogen  is  passed 
through  a  solution  of .  antimonious  chloride  : — 

2SbCl3     +     3SH2     =     Sb2S"3     +  6HC1. 

Antimonious         Sidphuretted  Antimonious  Hydrochloric 

chloride.  hydrogen.  sulphide.  acid. 

Properties. — The  native  sulphide  occurs  in  dark-grey  radiating 
crystalline  masses,  with  a  metallic  lustre — less  frequently  in 
rhombic  prisms.  The  precipitated  substance  is  an  orange-red 
amorphous  powder,  containing  water  of  hydration  which  may  be 
expelled  by  heating.  Antimonious  sulphide  is  readily  fusible  and 
may  be  sublimed. 

Reactions. — 1.-  Hot  hydrochloric  acid  decomposes  it,  forming 
antimonious  chloride  and  sulphuretted  hydrogen  (see  p.  420). 

2.  It  dissolves  with  decomposition  in  solutions  of  alkaline 
hydrates,  yielding  a  mixture  of  antimonite  and  sulphantimonite : — 

Sb2S"3     +     6KH0    =    SbKsg   +    SbKog   +  SOH^. 

Antimonious  Potassic       Trisulphopotassic     Tripotassic  Water, 

sulphide.  hydrate.       sulphantimonite.  antimonite. 

The  addition  of  an  acid  reproduces  and  precipitates  the  anti- 
monious sulphide  : — 

SbKs3       -f       SbKo3     -H     6HC1     =  Sb2S"3 

Trisulphopotassic  Tripotassic  Hydrochloric  Antimonious 

sulphantimonite.  antimonite.  acid.  sulphide. 

+       6KC1      -h  3OH2. 

Potassic  chloride.  Water. 
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a  s^l^^:r  analkaHnesulphhydrate.  fonning 

Sb,S-3     +     6KHs     =    2SbKs3     +  3SH 

sX^t'  sulBht;r.       ^-frisfpl^opotassic  Sulphuretted 

Buipmae.  sulphhydrate.      sulphantimonite.  liydrogen. 

SULPHANTIMONITES. 

Many  sulpliantimonites  occur  in  nature  :— 

Orthosul^hantimonites. 
General  formula  .— SbMsg  and  SbiM:s"3. 
Dark-red  silver.    TruulphargetiUc  sulphantimonite. .  SbAgs, 
^oulangente.    Trisulphoplumhic  sulphantimonite   . .  ShJhl'' 
Bournonite.     B isulphoplumUo  sulphocuprous  swlph- 

-^'^^o^'t^   Sb,Pbs",(Cu,S",)". 

Metasulphantimonites. 
General  formula :  SbS"Ms  and  Sb28"sM8". 

Miargyrite.    Stdphargentic  metasulphantimonite   SbS"Ag8. 

Zinkenite.    Stdphoplumbic  metasulphantimonite  ....  Sb2S"2Pb8" 
Antimony  copper  glance.     Sulphocuprous  metasulph- 

antimonite   Sb2S"2(Cu=S"2)". 

iJerthierite.    Sulphoferrous  metasulphantimonite.. . .  Sb2S"„Pe8". 


Fi/rosulphantimonites. 
General  formula  .— Sb2S"M84  and  Sb2S"Ms"o. 
Featlier  ore.    SulphopLumbic  pyrosulphantinionite  . .  Sb2S"Pb8"3. 
Fahl  ore.    Sulphocuprosoferrous  pyrosulphantimonite  Sb2S"(Cu2FeS"2)". 

A  soluble  colloidal  modification  of  antimonious  sulphide  corresponding  with 
colloidal  arsenious  sulphide  (p.  413)  is  also  known. 

ANTIMONIC  SULPHIDE,  Sulphantimonic  Anhydride. 

Molecular  weight  =  400. 

Preparation. — 1.  It  is  precipitated  as  a  yellowish-red  powder 
when  sulphuretted  hydrogen  is  passed  through  a  solution  of  anti- 
monic  chloride : — 

2SbCl5     +     5SH2     =:     Sbo^S^s     +  lOHCI. 

Antimonio  Sulphuretted  Antimonic  Hydrochloric 

chloride.  hydrogen.  sulphide.  acid. 

2.  The  same  precipitate  is  formed  by  the  addition  of  an  acid  to 
a  solution  of  a  sulphantimonate : — 


ANTIMONIC  SULPHIDE. 
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2SbS"Nas3  +    6HC1  =  Sh^S"^   +   6NaCl    +  3SH2. 

Trisulphosodic      Hydrochloric     Antimonic  Sodic  Sulphuretted 

sulphautimonate.  ncid.  sulphide.  chloride.  hydrogen. 

Eeadions.—l.  When  heated  it  is  decomposed  into  antimonious 
sulphide  and  free  sulphur. 

2.  Boiling  hydrochloric  acid  decomposes  it  into  antimonious 
chloride,  sulphuretted  hydrogen,  and  sulphur : — 

Sh^S'\    +    6HC1    =   2SbCl3    +    3SH2    +  82- 

Antimonic        Hydrochloric      Antimonious  Sulphuretted 
sidphide.  acid.  chloride.  hydrogen. 

3.  It  dissolves  in  a  solution  of  an  alkaline  sulphide,  forming  a 
sulphantimouate : — 

Sb^S^g     +     3SK2     =  2SbS''Ks3. 

Antimonic  Potassic  Trisvilphopotassic 

sulphide.  sulphide.  sulphantimouate. 

4.  It  is  soluble  in  a  solution  of  an  alkaline  hydrate,  a  mixture 
of  antimonate  and  sulphantimouate  heing  formed : — 

4Sb2S"5  +  240KH  =  3SbOKo3   +  5SbS"Ks3  +  I2OH2. 

Antimonic  Potassic  Tripotassic        Trisulphopotassic  Water, 

sulphide.  hydrate.  antimonate.  sulphautimonate. 

General  Properties  and  Keactions  op  the  Compounds  of 
Antimony  : — 

Antimonious'  Compounds. — Solutions  of  antimonious  oxide  in 
acids  become  milky  on  dikition  with  water.  The  milkiness  disap- 
pears on  addition  of  tartaric  acid.  (Distinction  from  bismuth 
compounds.)  Sulphuretted  hydrogen  precipitates  from  acid  solu- 
tions orange-coloured  antimonious  sulphide,  soluble  in  concentrated 
hydrochloric  acid,  in  caustic  alkalies,  and  in  ammonic  sulphide, 
almost  insoluble  in  ammonic  carbonate,  insoluble  in  hydric  potassic 
sulphite.  If  a  hydrochloric  acid  solution  of  the  sulphide  or  of 
any  other  compound  of  antimony  be  brought  into  a  platinum  dish 
along  with  a  piece  of  zinc,  the  antimony  is  deposited  by  voltaic 
action  as  a  black  coating  adhering  to  the  platinum,  whilst  any  tin 
which  may  be  present  is  precipitated  as  a  grey  powder  on  the  zinc. 
The  hydrochloric  acid  solution  of  an  antimonious  compound  pre- 
cipitates gold  in  the  metallic  form  from  its  solutions. 

Aniimonic  Covipounds. — These  yield  in  acid  solution  with 
sulphmetted  hydrogen  a  yellowish -red  precipitate  of  antimonic 
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sulphide,  which  is  soluble  in  the  same  reagents  as  the  antimonious 
compound. 

The  compounds  of  antimony  when  introduced  into  Marsh's 
apparatus  (p.  414)  evolve  antimoniuretted  hydrogen.  The  flame 
of  this  gas  deposits,  upon  a  cold  surface  of  porcelain,  a  stain  of 
metallic  antimony,  which  is  blacker  and  less  lustrous  than  that  of 
arsenic.  A  mirror  of  metallic  antimony  is  also  formed  when  the 
gas  is  passed  through  a  heated  tube.  These  coatings  may  be  dis- 
tinguished from  those  of  arsenic  by  their  almost  total  insolubihty 
in  sodic  hypochlorite.  When  heated  with  potassic  cyanide  upon 
charcoal  in  the  reducing  flame  of  the  blowpipe,  compounds  of 
antimony  yield  a  brittle  metallic  regulus,  and  the  charcoal  becomes 
covered  with  a  white  incrustation ;  but  no  odour  of  garlic  is  per- 
ceptible as  in  the  case  of  arsenic. 

BISMUTH,  Bi^  ? 

Atomic  weight  =  20^-2.   JSjo.gr.  9-83.  Fuses  at  265°.  Atomicity'" 
and  ^.    Evidence  of  atomicity : — 


Bismuthous  chloride   Bi"'Cl3. 

Bismuthous  oxide   'Bi^"0.^. 

Bismuthous  ethide   Bi^'Etg. 

Bismuthous  dichlorethide   Bi'"EtCl2. 

Bismuthic  anhydride   Bi'*'205- 

Metabismutliic  acid   Bi^OgHo. 


Occurrence. — Bismuth  is  found  principally  in  the  metallic  state, 
but  it  also  occurs  in  combination  with  oxygen,  sulphur,  and 
tellurium. 

Preparation. — 1.  The  method  of  extraction  from  the  ores 
formerly  consisted  in  heating  the  crude  native  bismuth  in  sloping 
iron  tubes  placed  in  a  furnace.  The  metal  fused  and  ran  off, 
whilst  the  impurities  were  left  in  the  tubes.  The  bismuth  thus 
obtained  was  contaminated  with  sulphur,  arsenic,  u'on,  and  other 
metals. 

2.  At  the  present  day  large  quantities  of  bismuth  are  obtained 
as  a  by-product  in  the  manufacture  of  smalt  {q.v.).  Tlae  crude 
bismuth  is  purified  by  fusing  at  the  lowest  possible  temperature, 
M-hen  the  more  fusible  bismuth  runs  off,  leaving  the  iron,  nickel, 
and  other  impurities  behind. 

3.  It  may  be  obtained  in  the  pure  state  by  dissohang  com- 
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mercial  bismuth  in  nitric  acid,  precipitating  the  basic  nitrate  by 
the  addition  of  water,  and  reducing  the  precipitate  by  ignition  with 
charcoal. 

Properties. — Bismuth  is  a  greyish-white  metal  with  a  slight 
reddish  tinge.  It  crystallises  in  rhombohedra  which  approximate 
closely  to  the  cube.  At  a  very  high  temperature  it  volatilises.  It 
is  not  oxidised  by  exposure  to  the  air  at  ordinary  temperatures, 
but,  when  strongly  heated,  burns  forming  bismuthous  oxide. 

Uses. — Metallic  bismuth  is  employed  in  the  preparation  of 
fusible  alloys,  such  as  Rosens  metal  and  Wood's  metal  (q.v.). 

No  compound  of  bismuth  with  hydrogen  is  known, 

HALOGEN  AND  OXYHALOGEN  COMPOUNDS  OF 

BISMUTH. 

BISMUTHOUS  CHLORIDE. 

BiClg. 

Molecular  tueight  =  314"7.    Molecular  volume   I  I  !•     1  litre  of 
hismitthoics  chloride  vapour  weighs  157"35  criths. 

Preparation. — 1.  It  is  formed  when  dry  chlorine  is  passed  over 
metallic  bismuth : — 

Bi^     +     3CI2     =  2BiCl3. 

Bismuthous 
chloride. 

2.  It  may  be  obtained  by  evaporating  a  solution  of  bismuth  in 
liydrochloric  acid  containing  a  little  nitric  acid,  and  distilhng  the 
residue. 

3.  Another  method  consists  in  distiUing  bismuth  with  mercuric 
chloride : — 

Bi^    +    GHgCl^    =    2BiCl3    +  S'Hg'^Cl^. 

Mercuric  Bismuthous  Mercurous 

chloride.  chloride.  chloride.  . 

Properties. — It  forms  a  white  fusible  deliquescent  mass  which 
m9,y  be  distilled. 

Reaction. — Water  decomposes  it,  precipitating  hismicthous  oxy- 
chloride  as  a  white  powder  : — 

BiClg     +     OHo     =     BiOCl     +  2HC1. 

Bismuthous  Water.  Bismutlious  Hydrochloric 

chloride.  oxTohlorido.  acid. 
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DiBiSMUTHous  TETEACHLOEiDE,  {  is  obtained  as  a  black  amorphous 

mass  by  heating  bismuthous  chloride  with  bismuth. 

BiSMUTHOUs  BEOMIDE,  BiBrg,  forms  yellow  prisms  fusing  at  200°.  Water  con- 
verts it  into  hismuthous  oxybromide,  BiOBr. 

BiSMUTHors  IODIDE,  Bilg,  is  obtained  by  heating  a  mixture  of  bismuth  and 
iodine.  It  sublimes  in  lustrous,  dark-grey  hexagonal  plates.  By  boiling  with  water 
it  is  decomposed  into  hydriodic  acid  and  copper-coloured  hismuthous  oxyiodide, 

BiSMUTHOUS  3?LTJ0EiDE,  BiFg,  is  obtained  as  a  white  powder  by  evaporating  a 
solution  of  hismuthous  oxide  with  an  excess  of  hydrofluoric  acid :  

Bi.03       +       6HP      =       2BiF3       +  30Hj. 
Bismutlious        Hydrofluoric    Bismuthous  Water, 
oxide.  acid.  fluoride. 

COMPOUNDS  OF  BISMUTH  WITH  OXYGEN  AND 

HYDRO  XYL. 

Dibismutlious  dioxide   -^2^9 

\  BiO" 

Eismuthous  oxide   BigOg. 

Dibismuthic  tetroxide    ''Bv^'.fi^. 

Bismuthic  anhydride   Bi^Og. 

Bismutlious  oxyhydrate,  or  metabismu- 

tlious  acid   BiOHo. 

Metabismutliic  acid    BiOjHo. 

DIBISMUTHOirS  DIOXIDE. 

/BiO 
iBiO- 

Molecular  weight  =  448"4. 

Preparation. — When  a  mixture  of  stannous  and  bismuthous  chlorides  is  poured 
into  an  excess  of  dilute  caustic  potash,  a  black  precipitate  of  dibismuthous  dioxide 
is  formed.  The  reaction  takes  place  in  two  stages.  In  the  first,  dipotassic  stannite 
and  tripotassic  bismuthite  are  formed ;  these  salts  then  react  upon  each  other  : — 

2BiKo3    +     SnKo2     +     SOHj     =     'B^'sOz     +     SnOKoo     -1-  60KH. 
Tripotassic      Dipotassic        Water.      Dibismuthous      Dipotassic  Potassic 
bismuthite.      stannite.  dioxide.  stannate.  hydrate. 

Tlie  precipitate  of  dibismuthous  dioxide  must  be  filtered  and  washed  out  of  contact 
Avith  air  and  then  dried  by  lieating  in  a  current  of  carbonic  anhydride.  It  is  thus 
obtained  as  a  grey  crystalline  powder. 

Reactions. — 1.  The  moist  substance  when  exposed  to  the  air  oxidises  82)onta- 
neously  to  bismuthous  oxide  : — 

'Bi'sOs      +      O      =  BijOa. 
Dibismuthous  Bismutlious 
dioxide.  oxide. 
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In  the  same  way  when  the  dried  compound  is  heated  in  the  air,  it  glows  Uke  tinder 
iiud  is  converted  into  bismuthous  oxide. 

2.  Hydrochloric  acid  decomposes  it  into  bismuthous  chloride  and  bismuth  : — 


■2' 


S'Si/'A'       +       12nCl       =       4BiCl3       +       Bis       +  60H, 
Dibismuthous       Hydrochloric       Bismuthous  Water 
dioxide.  acid.  chloride. 


BISMUTHOUS  OXIDE. 

MoUmlar  weight  =  464-4.    Sp.  gr.  8-2. 

Ocmrrence. — This  substance  is  found  in  nature  as  the  rare 
mineral  bismuth  ochre. 

Preparation. — ^^1.  It  is  formed  when  bismuth  is  burnt  in  air  or 
oxygen. 

2.  It  is  left  behind  when  the  nitrate,  carbonate,  or  hydrate  is 
heated : — 


2N306Bio" 

Bismuthous 
nitrate. 


=  Bi,03 

Bismuthous 
oxide. 


+ 


3NA 

Nitrous 
anhydride. 


+  30, 


2N02(Bi"'Ho20) 

Bismuthous  nitrate 
dihydrate. 


+ 


Bismuthous 
oxide. 


2OH2 
Water. 


+ 


N2O3 


+  0, 


C0(Bi02)2 

Bismuthylic 
carbonate. 

2BiOHo 

Bismuthous 
oxyhydrate. 


=     Bi203  + 

Bismutlious 
oxide. 

=         Bi203  + 

Bismuthous 
oxide. 


Nitrous 
anhydride. 

CO,. 

Carbonic 
anhydride. 

OH2. 

Water. 


3.  When  bismuthous  hydrate  is  dissolved  in  a  solution  of 
potassic  hydrate  and  boiled,  it  parts  with  the  elements  of  watei', 
and  is  precipitated  as  bismuthous  oxide. 

Properties. — Bismuthous  oxide  is  a  yellow  insoluble  powder, 
which  becomes  darker  on  heating,  and  then  fuses.  The  oxide 
obtained  by  boiling  the  solution  of  the  hydrate  in  caustic  alkali  is 
crystalline. 

Reaction. — It  is  dissolved  by  hydrochloric,  nitric,  and  sulphuric 
acids,  forming  the  bismuthous  chloride,  nitrate,  and  sulphate:—- 


BiCV 

Bismuthous 
chloride. 


N306Bio'". 

Bismuthous 
nitrate. 


SsOeBio'", 

Bismuthous 
sulphate. 


2  F 


43i 


INORGANIC  CHEMISTRY. 


Salts  of  Bismuthous  Oxide.— 11\iq&q  salts  are  soluble  only  in 
water  containing  an  excess  of  acid.  Pure  water  decomposes  them 
into  basic  salts  and  free  acid  : — 

NgOeBio"'    +    2OH2    =    NO^CBi'-Ho^O)    +  2NO2H0. 

Bismuthous  Water.  Bismuthous  niirate  Nitric 

nitrate,  dihydrate.  acid. 


BISMUTHOUS  OXYHYDRATE,  MetaUsmutlwus  Acid. 

BiOHo. 

Preparation. — By  pouring  a  solution  of  bismutlious  nitrate  in 
dilute  nitric  acid  into  dilute  ammonia  or  potass  ic  hydrate,  a 
precipitate  is  formed,  which  probably  contains  orthobismuthous 
acid.  On  drying  this  precipitate  at  100°,  metabismuthous  acid  is 
obtained  as  a  white  amorphous  mass : — 

NaOgBio'"     +      30KH     =     BiHo3     +  SNO^Ko. 

Bismuthous  Potassic  Orthobismuthous  Potassic 

nitrate.  hydrate.  acid.  nitrate. 

BiHo,     =     BiOHo     +  OH2. 

Orthobismuthous       Metabismuthous  Water, 
acid.  acid. 

Reaction. — ^By  heat  or  by  boiling  with  caustic  alkali,  water  is 
expelled  and  bismuthous  oxide  is  formed  (see  p.  433). 

An  unstable  metabismuthite  is  produced  by  fusing  bismuthous 
oxide  with  sodic  carbonate  : — 

BigOg      +      CONaOa      =      2BiON"ao      +  CO2. 

Bismuthous  Sodic  Sodic  Carbonic 

oxide.  carbonate.  metabismuthite.  anhydride. 

BISMUTHIC  ANHYDRIDE. 

Preparation. — This  compound  is  obtained  as  a  bro\7n  powder  by  healing  bis- 
muthic  acid  to  130°. 

Reactions. — 1.  When  heated  to  the  boiling-point  of  mercury  it  loses  oxygen, 
being  converted  either  into  bismuthous  oxide  or  into  dibismiithic  tetroxide  : — 


BiA      =      BiPg      +  Oj: 

Bismuthic  Bismuthous 
anhydride.  oxide. 

2Bi;05      =      2'Bi'^'j04      +  Oj. 
Bismutliic  Dibismuthic 
anliydride.  tetroxide. 
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2.  When  heated  in  a  current  of  hydrogen,  it  is  readily  reduced  to  bismuthous 
oxide. 

3.  Heated  with  hydrochloric  acid  it  evolves  chlorine,  producing  bismuthous 
chloride  and  water : — 


BLjOs  +  lOHCl  =  2BiCl3  +  50H"2 
Bismutbic  Hydrochloric  Bismuthous  Water, 
anhydride.  acid.  chloride. 

4.  Sulphurous  acid  converts  it  into  bismuthous  sulphate  ^- 


2CI2. 


3BLO5      +      6SOH02  = 
Bismuthic  Sulphurous 
anhydride.  acid. 


2S306Bi0"'2 

Bismuthous 
svdphate. 


Bismuthous 
ocside. 


6OH2. 
Water. 


5.  When  heated  vrith  sulphuric  or  nitric  acid  it  evolves  oxygen,  producing 
bismuthous  sulphate  or  nitrate  : — 


Bi^Os  + 
Bismuthic 
anhydride. 

BiaOs  + 
Bismuthic 
anhydride. 


aSOoHo. 
Sidpburic 
acid. 

6NO2H0 
Nitric 
acid. 


SsOeBio'''^ 
Bismuthous 
sulphate; 

2N306Bio"' 
Bismuthous 
nitrate. 


30  H2 
Water. 

8OH2 
Water. 


0, 


0, 


METABISMUTHIC  ACID. 

BiOaHo. 

Preparation. — Metabismuthic  acid  is  obtained  as  a  red  deposit  by  passing 
chlorine  through  a  solution  of  potassic  hydrate  containing  bismuthous  oxide  in 
suspension : — 

40KH     +     2CI2      +     BioOg     =     2Bi02Ho     +     4.KC1     +  OHg. 
Potassic  Bismuthous     Metabismuthic      Potassic  Water, 

hydrate.  oxide.  acid.  chloride. 

Reaction. — ^Tt  dissolves  in  a  hot  solution  of  potassic  hydrate.  By  the  addition 
of  an  acid  to  the  liquid  a  salt,  said  to  have  the  composition 

Bi204HoKo, 

is  precipitated. 


COMPOUNDS  OF  BISMUTH  WITH  SULPHUR. 

Dibismutlious  disulphide   'Bi"2S"2. 

Bismuthous  sulphide    Bi2S"3. 

DIBISMUTHOUS  DISTJLPHIDE. 

[1%;  or'Bi"2S"2. 

8p.  gr.  7-3, 

Preparation. — ^Dibismuthous  disulphide  is  obtained  as  a  mass  of  grej%  metallic, 
acicular  crystals  by  fusing  together  bismuth  and  sulphur  in  the  proper  molecular 
proportions. 

2  F  2 
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BISMUTHOUS  SULPHIDE. 

BijS'g. 

S}).  gr.  6  •4. 

Occurrence. — Bismuthous  sulpliide  is  found  native  as  the  rare 
mineral  iisvitcth  glance.  It  forms  rhombic  crystals  and  foliated  or 
fibrous  masses  with  a  metallic  lustre. 

Preparation. — 1.  It  may  be  obtained  by  fusing  together  bis- 
muth and  sulphur  in  the  proper  molecular  proportions. 

2.  It  is  also  obtained  as  a  blackish-brown  powder  by  precipi- 
tating bismuth  solutions  by  sulphuretted  hydrogen  : — 

2BiCl3    +    3SH2    =    Bi2S"3    +  6HC1. 

Bismuthous      Sulphuretted      Bismuthous  Hydrochloric 
chloride.  hydrogen.  sulphide.  acid. 

Reaction. — This  compound  is  not  dissolved  by  alkaline  hydrates 
or  sulphydrates. 

A  few  sulphobismuthites  are  found  in  nature  : — 

Kobellite.     Trimljjhoplumhic  1  Pbs" 
sulphohismzothite  J      ^  3- 

Needle  ore.    DisulpliopkLnibic- 1 -gj^  Pbs"  CCu'  S  V' 
dicuprous  sulpholismuthite  }      ^  22/- 

BismtctJious  telluride,  Bi^Te^'g  occurs  native  as  telluric  hismuth 
or  tetradymite.  It  forms  grey,  metallic,  rhombohedral  crystals  or 
foliated  masses.  A  portion  of  the  tellurium  in  this  mineral  is 
generally  replaced  by  sulphuT. 

General  Properties  and  PtEACTioNS  of  the  Compounds  of 
Bismuth. — The  salts  of  bismuth  with  colourless  acids  are  colour- 
less. Their  solutions  have  an  acid  reaction.  Dilution  with  water 
causes  the  solutions  to  become  milky,  owing  to  the  separation  of  a 
basic  salt.  Mineral  acids  redissolve  this  basic  salt ;  but  the  pre- 
sence of  tartaric  acid  does  not  prevent  or  remove  the  milkiness  as 
in  the  case  of  antimony.  Caustic  alkalies  and  ammonia  precipitate 
white  bismuthous  hydrate,  insoluble  in  excess.  Sulphuretted 
hydrogen  gives  a  brown  precipitate  of  bismuthous  sulphide,  inso- 
luble in  ammonic  sulphide  and  in  caustic  alkalies,  soluble  in  hot 
nitric  acid.  Potassic  chromate  precipitates  yellow  bismuthous 
chromate,  soluble  in  nitric  acid,  insoluble  in  caustic  alkalies.^  (Dis- 
tinction from  iDlumbic  chromate.)  Heated  on  charcoal  in  the 
reducing  flame  the  bismuth  compounds  yield  a  brittle  metallic  bead, 
whilst  the  charcoal  becomes  covered  with  a  yellow  incrustation. 
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Chapter  XXXI. 

Distinguishing  Characteristics  of  the  Metallic  Elements. 

There  are  certain  broad  differences  which  prevail  between 
metallic  and  non-metallic  elements,  so  that  as  a  rule  members 
of  the  one  class  may  be  readily  distinguished  from  those  of  the 
other.    The  most  obvious  of  these  differences  are  physical. 

Thus  the  power  of  reflecting  light  is  much  more  marked  in 
the  metals  than  in  the  non-metals.  This  power,  when  intensified 
by  the  perfect  or  almost  perfect  opacity  of  the  reflecting  substance 
— a  property  possessed  in  the  highest  degree  by  the  metals — con- 
stitutes the  phenomenon  of  metallic  lustre.  The  non-metals  are 
generally  either  transparent  or  translucent :  they  admit  light  into 
their  interior,  where  it  is  either  transmitted  further,  or  absorbed 
and  dispersed,  and  they  cannot  therefore  possess  the  high  reflecting 
power — the  power  of  giving  back  the  whole  or  nearly  the  whole  of 
the  light  which  falls  upon  them — necessary  to  the  production  of 
metallic  lustre.  Smoothness  of  surface  is,  however,  a  necessary 
condition  of  metallic  lustre,  and  for  this  reason  finely-divided 
metals  do  not  possess  this  property.  Gold,  silver,  platinum,  and 
other  metals  may  be  obtained  in  this  condition  by  precipitation 
from  their  solutions ;  but  these  non-lustrous  powders  assume  a 
lustre  under  the  burnisher. 

Again,  the  metals  are  much  better  conductors  of  heat  and  of 
electricity  than  the  non-metals. 

The  above  broad  physical  differences  have  their  counterparts  in 
the  chemical  characters  of  the  elements  ;  thus  a  metal  uniting  with 
oxygen  generally  yields  a  base  or  alkali,  whilst  the  compounds  of 
the  non-metals  with  oxygen  generally  possess  acid  properties. 

But  nature  abhors  classification,  and  renders  futile  all  our 
attempts  to  form  exclusive  families  of  her  productions.  The 
animal  and  vegetable  kingdoms  merge  into  each  other,  so  that  it 
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is  impossible  to  predicate  definitely  of  tlie  intermediate  members 
to  which  class  they  belong— whether  they  are  to  be  regarded  as 
plants  or  as  animals.  In  like  manner  the  metals  and  the  non- 
metals  gradually  approach  and  overlap  each  other  in  respect  of 
nearly  all  the  so-called  distinctive  properties  just  enumerated. 

Thus,  as  regards  lustre,  we  find  that  various  non-metals  possess 
a  lustre  which  is  distinctly  metallic  in  character — for  example, 
graphite,  the  popular  name  for  which,  h\a.ck-lead,  is  derived  from 
this  property.  Iodine  is  another  instance:  the  crystals  of  this 
substance  have  a  lustre  resembling  that  of  graphite,  and  not 
much  inferior  to  that  of  metallic  arsenic  when  sublimed  in  a  glass 
tube. 

Again,  as  regards  opacity,  which  was  stated  to  be  a  general 
property  of  the  metals,  we  find  that  this  rule  is  not  absolute. 
Gold  in  very  thin  leaves  transmits  a  green  light,-  silver  a  blue 
light,  whilst,  on  the  other  hand,  graphite  is  opaque,  and  iodine 
nearly  so. 

Again,  as  regards  the  power  of  conducting  heat  and  electricity, 
carbon  in  the  form  of  graphite  shares  this  power  with  the 
metals. 

As  to  chemical  character  also,  the  classification  above  given 
does  not  always  hold.  Thus  some  metals  yield  acids  with  oxygen 
— chromic  acid,  manganic  acid,  molybdic  acid,  and  others.  But 
no  non-metal  yields  a  decided  base  with  oxygen.  Tellurium  and 
arsenic  yield  no  base,  and  the  basic  properties  of  antimony  and 
bismuth  are  very  weak. 

Although,  therefore,  the  division  of  the  elements  into  metals 
and  non-metals  cannot  lay  claim  to  rigid  accuracy,  it  may,  in  the 
present  state  of  the  science,  be  regarded  as  a  good  practical  classi- 
fication. With  the  few  exceptions  just  enumerated,  it  is  no  more 
difficult  to  distinguish  a  metal  from  a  non-metal  than  to  distin- 
guish an  animal  from  a  plant. 

Belations  of  the  Metals  to  Heat. 

Expansion  hj  Heat. — Metals  as  a  rule  expand  more  on  heating 
tlian  non-metals.  The  following  table  gives  the  length  to  whicli 
the  unit  length  of  a  number  of  substances,  measured  at  0°, 
expands  when  the  substance  is  heated  to  100'^.  This  value, 
diminished  by  unity,  is  therefore  the  coefficient  of  linear  expan- 
sion for  a  rise  of  100° : — 


* 
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Expansion  of  Solids  hy  Heat. 
One  part  by  length  measured  at  0°  measures  at  100° : — 


English  flint  glass   1-000811 

French  glass  tube    1-000861 

Platinum   1-000844 

Palladium    I'OOIOOO 

Untempered  steel    1-001079 

Antimony    1-001083 

Iron   1-001182 

Bismuth   1-001392 

Gold   1-001466 

Copper....'.   1-001718 

Brass    1-001866 

Silver   1-001909 

Tin  (East  India)   1-001937 

Lead  :   1-002848 

Zinc   1-002942 


Fusibility. — Another  important  property  of  metals  is  their 
degree  of  fusibility.  This  is  almost  as  varied  in  the  different  metals 
as  the  range  of  temperature  at  our  command.  On  the  one  hand 
mercury  fuses  at  —39-5°,  and  gallium  with  the  heat  of  the  hand, 
whilst  iridium  scarcely  melts  in  the  oxyhydrogen  flame,  requiring 
the  voltaic  arc  for  its  complete  liquefaction.  Euthenium  is  still 
more  infusible,  and  osmium  has  never  been  melted.  The  follow- 
ing table  contains  the  f  using-points  of  some  of  the  metals  : — 


Name  of  metal.  Pusing-point. 

Mercury   -39-5° 

Gallium   +30-1 

Potassium   62-5 

Sodium  '.   95-6 

Lithium   180 

Tin   228 

Bismuth   268 

Thallium    294 

Cadmium    320 

Lead    326 

Zinc    420 

Antimony   430 

Silver   1040 
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The  fusing-point  of  alloys  is  always  lower  than  the  mean 
fusing-point  of  their  constituents— taking  the  relative  proportion 
of  the  constituents  into  account  in  calculating  this  mean;  and 
sometimes  lower  than  the  lowest  fusing-point  of  any  of  the  con- 
stituents. Thus  Wood's  fusible  meted,  which  is  an  alloy  of  4  parts 
of  bismuth,  2  of  lead,  1  of  tin,  and  1  of  cadmium,  fuses  at  60-5° 
The  alloy  of  potassium  and  sodium  is  liquid  at  ordinary  tempera- 
tures. 

Volatility. — All  metals  are  volatile,  but  usually  only  at  very 
high  temperatures.  Mercury  boils  at  360°,  but  is  volatile  at  ordi- 
nary temperatures,  as  may  be  shown  by  suspending  a  piece  of  gold- 
leaf  from  the  stopper  of  a  bottle  containing  mercury :  in  course  of 
time,  the  gold-leaf  becomes  white,  owing  to  the  absorption  of  the 
vapour  of  mercury.  Arsenic  volatilises  below  redness  without 
first  assuming  the  liquid  form.  Cadmium  boils  at  860° ;  zinc  at 
1040°.  Potassium  and  sodium  are  distilled  in  their  manufacture. 
Lead  is  volatilised  in  the  process  of  lead  smelting,  and  means  are 
employed  to  condense  the  lead  which  would  thus  otherwise  escape. 
Even  copper  is  perceptibly  volatile  at  the  temperature  of  the 
smelting  furnace. 


Colours  of  Solid  Metals. — Most  metals  appear  nearly  colourless 
when  polished.  Some,  however,  exliibit,  even  when  viewed  in  the 
ordinary  way,  specific  colours :  thus  copper  is  red ;  and  gold,  cal- 
cium, and  barium  display  shades  of  yellow.  By  causing  the  light 
to  be  reflected  several  times  from  their  surfaces,  some  metals,  which 
under  ordinary  conditions  appear  colourless,  may  be  made  to 
exhibit  colour,  whilst  in  the  case  of  the  coloured  metals  the  par- 
ticular shade  is  intensified  or  altered.  Thus  by  multiple  reflection 
the  following  metals  display  the  annexed  colours  : — 


At  large  angles  of  incidence — that  is,  -wh^n  the  light  falls  very 
obliquely  upon  the  surface — all  metals  reflect  white  light.  But 
their  specific  reflective  power  for  the  different  rays  varies  more  as 
the  incident  light  becomes  more  perjpendicular. 


Relations  of  Metals  to  Light. 


Copper 


scarlet 
red 

pure  yellow 
indigo  blue 
violet 


Gold. 
Silver 
Zinc  . 
Iron . . 
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Colour  oflgrdted  Liquid  Metals.— Ki  high  temperatures,  metals 
iu  the  liquid  state  generally  emit  white  Hght ;  but  molten  copper 
.rives  out  a  ruddy  glow,  and  molten  gold  emits  a  beautiful  green 

Colours  of  Ignited  Vaporous  Metals.— M\  metalHc  vapours 
exhibit  at  very  high  temperatures  characteristic  phenomena  of 
colour  and  some  possess,  even  at  relatively  low  temperatures, 
colours  more  or  less  marked.  Thus  tin  gives  a  blue  vapour; 
copper  a  green ;  silver  a  green  of  a  different  shade ;  gold  a  blue  ; 
and  sodium  a  yellow.  The  nature  of  the  colours  which  metallic 
and  other  vapours  display  at  high  temperatures  forms  the  subject 
matter  of  Spectrum  Analysis. 

Spectrum  Analysis. 

The  study  of  the  colours  of  the  vaporous  elements  at  high  tem- 
peratures has  developed,  in  the  hands  of  chemists,  into  an  invaluable 
method  of  analysis,  surpassing  in  scope  and  delicacy  aH  other 
known  methods.    This  method  is  known  as  spectrum  analysis,  and 
the  instrument  by  means  of  which  the  discrimination  of  the 
colours  of  the  vapours  is  effected  is  the  spectroscope.    Although  this 
method  has  been  employed  by  chemists  only  since  1860,  it  has 
already  been  the  means  of  enriching  chemistry  with  several  new 
metals.    It  has  further  demonstrated  that  some  elements  which 
were  formerly  believed  to  have  been  obtained  in  a  state  of  purity 
have  in  reality  been  contaminated  with  foreign  matter :  a  state  of 
things  which  has  rendered  necessary  a  revision  of  some  of  the 
atomic  weights.    But  the  achievement  of  spectrum  analysis  which 
appeals  most  powerfully  to  the  imagination  is  the  creation  of  an 
entirely  new  branch  of  chemical  science,  that  of  celestial  chemistry, 
in  which,  by  the  application  of  the  spectroscope  to  the  examination 
of  the  light  emitted  by  solar  and  stellar  matter,  chemists  have  been 
enabled  to  prove  the  presence  of  many  of  our  terrestrial  elements 
in  the  sun  and  stars.    In  addition  to  this,  the  spectroscope  has 
furnished  us  with  information  concerning  the  physical  constitution 
of  these  luminaries,  and  even  concerning  their  rate  of  motion, 
which  would  formerly  have  been  deemed  unattainable. 

The  form  of  spectroscope  most  generally  employed  for  chemical 
purposes  is  represented  in  Fig.  48.  The  rays  of  light  to  be 
examined  pass  through  a.  vertical  slit  situated  at  the  end  of  the 
tube  A,  and  turned  from  the  spectator  in  the  diagram.  After 
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piism  P.  The  spectrum  is  viewed  directly  by  means  of  the  tele- 
scope B.    In  this  way  it  is  not  only  magnified,  but  is  made  to 


Fig.  48. 


exhibit  a  greater  degree  of  sharpness  of  detail  than  it  would 
possess  if  thrown  upon  a  screen.  The  tube  C  carries  a  transparent 
horizontal  graduated  scale,  which  is  illuminated  by  a  small  lumi- 
nous gas-flame  placed  at  the  end  of  the  tube  and  not  represented 
in  the  diagram.  In  looking  through  the  telescope  this  scale  is  seen 
reflected  in  the  face  P  of  the  prism.  In  this  way  it  is  viewed 
simultaneously  with  the  spectrum,  the  various  parts  of  which  may 
thus  be  referred  to  the  divisions  of  the  graduated  scale.  In  order 
to  compare  light  from  two  different  sources,  one  half  of  the  sHt, 
which  is  represented  on  a  larger  scale  in  Fig.  49,  is  covered  by 
a  small  prism  ab.    The  light  from  one  source,  F,  Fig.  48,  situated 


Fig.  49. 
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in  front  of  the  slit,  passes  directly  through  the  uncovered  half  of 
the  slit ;  the  light  from  the  second  source,/,  which  must  be  placed 
to  the  side  of  the  slit,  passes  through  the  covered  portion  of  the 
slit  by  total  reflection  in  the  small  prism.  Various  arrangements 
of  the  small  prism  are  employed  for  this  purpose ;  one  of  the 
simplest  is  that  represented  in  Fig.  50.  The  light  from/,  Fig.  50, 
enters  the  equilateral  prism  cde  perpendicularly  to  the  face  cle,  is 
totally  reflected  at  r  from  cd,  and  emerging  from  the  prism  perpen- 
dicularly to  ce,  enters  the  slit  s.    As  the  direction  of  the  rays  of 


Tig.  50. 


Hght  on  entering  and  on  quitting  the  prism  is  perpendicular  to  the 
faces  of  the  prism,  no  refraction  occurs  vs^ith  this  prism.  At  the 
same  time  the  light  from  F  cannot  enter  the  slit  through  the 
prism,  and  can  pass  only  through  the  uncovered  portion  of  the 
slit.  In  this  way  the  two  spectra  from  the  two  sources  of  light 
may  be  viewed  simultaneously,  one  above  the  other,  and  as  in  both 
spectra  the  light  passes  through  the  same  slit  and  is  refracted  by 
the  same  prism  P,  there  will  be  perfect  correspondence  of  the 
similar  parts  of  each :  rays  of  the  same  wave-length  will  be  found 
in  the  same  vertical  line  in  the  two  spectra,  and  thus  coincidences 
may  be  observed  and  studied. 

In  order  to  understand  the  principles  upon  which  spectrum 
analysis  is  based,  it  will  be  necessary  to  consider  what  is  the  pre- 
cise nature  of  the  phenomena  observed  when  bodies  are  heated  to 
the  temperature  at  which  they  become  self-luminous.  If  a  liquid 
or  a  solid  be  thus  gradually  heated,  and  at  the  same  time  examined 
with  the  spectroscope,  the  red  end  of  the  spectrum  will  be  observed 
first.  The  body  is  then  at  a  low  red  heat.  As  the  temperature 
rises,  the  orange  rays  will  be  added ;  then  the  yellow,  and  so  on 
from  the  less  refrangible  to  the  more  refrangible  rays,  until  the 
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entire  visible  spectrum  from  red  to  violet  can  be  seen  The  body 
IS  then  white-hot,  and  the  white  light  which  it  emits  is  thus  seen 
to  be  compounded  of  every  wave-length  in  the  visible  spectrum* 
The  spectra  of  glowing  solids  and  liquids  are  therefore  continuous 
The  molecules  of  solids  and  liquids  are  hampered  by  cohesion  and 
are  not  free  to  take  up  those  vibrations  which  are  peculiar  to  them 
We  may  conceive  that  in  different  parts  of  the  mass  coliesion  is 
overcome  to  a  varying  extent  at  the  same  time,  and  that  molecular 
groupmgs  of  every  possible  degree  of  variety  and  complexity  are 
.vibrating,  each  with  its  specific  rate  of  vibration.  We  should 
thus  have  the  simultaneous  emission  of  Ught  of  every  wave-length 
— of  every  degree  of  refrangibility.  ^ 

Gases  or  vapours  beliave  otherwise.  Their  molecules  are  free 
to  oscillate  unimpeded  by  each  other;  and  the  molecules  of  any 
one  element,  being  all  of  the  same  kind,  execute  at  a  given  tem- 
perature vibrations  identical  in  nature  and  in  velocity,  and  con- 
sequently, if  heated  to  the  temperature  at  which  they  become 
self-luminous,  emit  light  of  definite  wave-lengths  and  therefore 
of  definite  colour,  not  a  mixture  of  light  of  all  wave-lengths,  or 
white  light.  Every  element,  therefore,  in  the  state  of  self-luminous 
vapour,  and  at  a  temperature  sufficiently  high,  displays  a  spectrum 
peculiar  to  itself,  and  consisting  of  definite  lines  or  bands.  The 
dark  spaces  between  these  lines  or  bands  correspond  to  those  wave- 
lengths of  light  which  the  atoms  or  molecules  of  the  element  do  not 
excite. 

In  this  way  the  spectroscopic  examination  of  the  elements  in 
the  condition  of  self-luminous  vapour  affords  a  means  of  dis- 
tinguishing between  them — a  means  more  expeditious,  less  liable 
to  misinterpretation,  and,  as  we  shall  see  presently,  more  delicate 
than  the  ordinary  chemical  tests.  The  identification  of  the 
elements  by  means  of  the  spectroscope  is  greatly  facilitated  by  the 
arrangement  for  comparing  spectra  already  described  (p.  442). 
For  example,  if  the  spectrum  of  a  substance  under  examination 
appears  to  be  that  of  barium,  it  is  only  necessary  to  examine, 
simultaneously  with  this  spectrum,  the  spectrum  of  an  actual 
specimen  of  barium  by  means  of  the  comparing  prism :  the  coin- 

*  In  addition  to  tlie  yisible  spectrum,  there  is  an  invisible  region  oB  rays  of 
lower  refraugibility  than  the  red^ — the  infra-red  rays — and  a  second  invisible  region 
of  rays  of  higher  refrangibility  than  the  violet — the  ultra-violet  rays.  TJiese  two 
invisible  portions,  which  lie  on  either  side  of  the  visible  spectrum,  have  by  tlie  aid 
of  photography  been  rendered  accessible  to  spectroscopic  study. 
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Cidence  or  non-coincidence  of  the  Knes  in  the  two  spectra  will  at 
once  inform  us  whether  our  surmise  is  correct,  or  the  reverse. 

The  metallic  vapours  for  examination  may  m  many  cases  be 
obtained  by  heating  the  metal  or  its  compounds  m  the.  Bunsen 
flame  Sometimes,  however,  a  higher  temperature  is  necessary,  m 
which  case  the  electric  arc  or  the  induction  spark  may  be  employed 
as  the  source  of  heat.  In  the  case  of  metals,  it  is  sufficient  to  pass 
the  spark  between  poles  of  the  metal,  when  a  sufficient  quantity  is 
volatiHsed  to  give  a  spectrum.  It  is  to  be  borne  m  mind,  how- 
ever that  in  this  method  the  spectra  of  the  gases  through  which 
the  spark  passes  (oxygen,  nitrogen,  &c.)  wiU  also  be  visible. 

As  reo-ards  the  certainty  of  identification  of  the  elements  by 
spectroscopic  means,  a  noteworthy  point  is  the  ease  with  which 
metaUic  vapours,  the  colours  of  which  appear  to  the  eye  almost  or 
entirely  identical,  may  be  discriminated  with  the  aid  of  the  spectro- 
scope. '  The  red  colours  which  lithium  and  strontium  compounds 
respectively  impart  to  the  Bunsen  flame,  though  distinguishable  by 
a  trained  eye,  are  yet  extremely  similar;  but  the  flame  spectrum 
of  lithium  consists  of  a  bright  red  line  and  a  very  weak  line  in  the 
yeUow  whHst  that  of  strontium  contains  several  lines  in  the  red, 
one  in 'the  orange,  and  one  in  the  blue.    The  flame  colours  of  the 
compounds  of  potassium,  caesium,  and  rubidium  are  to  the  eye 
absolutely  identical,  and  there  are  moreover  no  characteristic 
qualitative  tests  by  which  the  compounds  of  these  elements  may  be 
distinguished,  but  their  spectra  present  the  most  marked  differences. 
So  sunilar  are  these  elements,  that  it  is  probable  that  by  chemical 
means  alone  ctesium  and  rubidium  could  never  have  been  dis- 
covered.   Indeed  cesium  had,  previous  to  its  spectroscopic  recog- 
nition as  a  distinct  element,  been  confounded  with  potassium  (see 
Csesium). 

The  delicacy  of  the  spectroscopic  tests  for  the  elements  is  due 
to  the  minuteness  of  the  quantity  of  self-luminous  vapour  neces- 
saiy  to  impart  to  the  luminiferous  ether  a  perceptible  impulse. 
The  highest  degree  of  deUcacy  is  manifested  in  the  case  of  sodium, 
a  quantity  of  which  less  than  the  ^^oiomo^^  of  a  gram  may 
be  detected.  This  almost  inconceivable  delicacy  is  due  to  two 
causes :  in  the  first  place  the  spectrum  of  sodium  consists  of  one 
double  line  in  the  yellow,  hence  the  entire  effort  of  the  atoms  is 
concentrated  upon  one  part,  and  that  the  most  luminous  of  the 
spectram ;  and,  secondly,  the  atomic  weight  of  sodium  is  low,  so 
that  a  smaller  quantity  is  required  to  produce  an  effect.  Thai- 
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Hum  also  gives  only  one  line,  but  it  is  in  the  green-a  norhnn  , 
the  spectrum  which  affects  the  eye  less  powerfulfv  l/ff  °^ 
weight  of  thallium  is  high;  iJce  tl^ Cctt'^  irt^^,^^^^^^^^^^^^^^ 

delicate.    In  the  case  of  lithium  -,...J_  nf  a  f  ? 

f^of^ri  XI    •  i     .  ^^^"^^^"^  rtnroTToo-  oi  a  gram  may  be  de- 

tected.   With  the  induction  spark        i        nf  a  ^  i 
fTiNroo  o  a-       .  t^otoowo  ot  a  gram  of  copper 

giye  a  brilliant  spectrum,  and  0-2  of  a  milligram  of  copper  keeps 
up  this  spectrum  for  six  hours.  ^ 
In  identifying  an  element  by  means  of  its  spectrum  it  is  not 
necessary  that  every  line  in  the  spectrum  shouk/be  pare  yed  In 
almost  all  spectra  there  are  certain  lines  brighter  than  the  res^ 
and  these  are  frequently  visible  when  the  quantity  of  sub  tan  e 
vaporised  is  insufficient  for  the  perceptible  production  of  th 
fainter  lmes._  The  presence  of  one  of  these  prominent  or  charac- 
teristic lines  is  sufficient  for  the  identification  of  an  element 

early  all  metalUc  compounds  are  decomposed  into  their 
elements  at  a  temperature  below  that  at  which  their  vapours 
become  luminous.  On  this  account  the  spectra  of  the  com- 
pounds of  the  metals  with  the  non-metals  are  frequently  the  same 
as  those  of  the  metals  themselves.*  But  this  is  not  always  the 
case,  especially  at  comparatively  low  temperatures.  Thus  copper 
and  cuprous  chloride  give  the  same  spectrum  in  the  electric  arc 
but  not  m  the  Buusen  flame.  In  many  such  cases  there  is  a  tem- 
perature at  which  a  comi^ound  gives  its  own  peculiar  spectrum 
plus  that  of  each  of  its  elements. 

When  no  chemical  combination  occurs,  spectra  of  any  number 
of  elements  can  co-exist  side  by  side  without  confusion.  In  this 
way  the  qualitative  analysis  of  mixed  materials  may  be  safely 
made.  It  is  only  necessary  to  identify  in  the  mixed  spectrum  the 
more  characteristic  lines  of  the  various  elements. 

Gases  which  under  ordinary  pressures  give  a  line  spectrum 
behave  otherwise  under  high  pressm-es.  As  the  pressure  increases, 
the  lines  gradually  broaden,  until  ultimately  the  spectrum  becomes 
continuous.  This  is  again  a  case  in  which  the  freedom  of  atomic 
vibration  is  interfered  with  by  the  too  great  proximity  of  the  atoms 
to  each  other. 

All  bodies  capable  of  vibration  possess  the  power  of  taking  up 
or  absorbing  those  waves  which  they  would  cause  by  theii-  own 

*  The  non-metals  require  a  higher  temperature  than  many  of  the  metals  in 
order  that  they  may  exhibit  their  characteristic  spectra.  Thus  in  the  case  of  t\u- 
decomposed  compound  of  a  metal  with  a  non-metal,  it  frequently  happens,  as  above 
stated,  that  the  spectrum  of  tlie  metal  alone  is  visible. 
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vibration.  Thus  a  finger-glass  may  be  made  to  sound  by  singing 
its  own  note  close  to  it.  The  same  law  holds  with  regard  to  the 
vibrating  atoms  and  molecules  of  a  gas.  If  we  examine  with  the 
spectroscope  a  source  of  white  light  yielding  a  continuous  spec- 
trum—a white-hot  solid  or  liquid— and  then  introduce  between  the 
sht  of  the  spectroscope  and  the  source  of  white  light  a  layer  of 
sodium  vapour,  then,  according  to  the  relative  temperatures  of  the 
source  of  white  light  and  the  sodium  vapour,  one  of  three  things 
will  happen  :  either  the  sodium  vapour  is  hotter — i.e.,  possesses 
Greater  energy  of  atomic  vibration — than  the  white-hot  solid  or 
liquid,  in  which  case  it  will  emit  more  yellow  light  than  it  receives 
from  the  latter,  and  a  bright  yellow  sodium  line  will  be  visible  in  the 
otherwise  continuous  spectrum ;  or  it  is  of  the  same  temperatiire, 
when  it  will  emit  just  as  much  as  it  receives,  and  only  the  con- 
tinuous spectrum  will  be  seen ;  or,  finally,  it  is  colder,  in  which 
case  it  will  absorb  more  than  it  emits,  and  a  dark  sodium  line  will 
be  visible  on  the  background  of  the  continuous  spectrum.  This  is 
in  accordance  with  the  law  of  exchanges.  Its  chief  importance  in 
connection  with  the  present  subject  lies  in  the  explanation  which 
it  affords  of  the  phenomena  observed  in  the  spectroscopic  study  of 
the  heavenly  bodies. 

Solar  and  Stellar  Spectra. — If  the  light  from  the  sun  be 
examined  spectroscopically,  the  phenomena  observed  do  not  corre- 
spond either  with  those  of  an  incandescent  gas,  or  with  those  of 
an  incandescent  solid  or  liquid.  The  visible  solar  spectrum,  con- 
sists of  a  band  of  coloured  light  stretching  from  the  red  to  the 
violet ;  but  tliis  coloured  spectrum  is  crossed  by  a  vast  number  of 
fine  dark  lines.  These  lines  were  first  observed  by  Wollaston. 
They  were  afterwards  mapped  by  Fraunhofer,  a  German  optician, 
for  which  reason  they  are  known  as  the  Fraunhofer  lines. 

If  we  examine  simultaneously  by  means  of  the  comparing 
prism  the  solar  spectrum  and  the  spectrum  of  a  metallic  element, 
we  find  that  in  the  case  of  many  metallic  elements,  such,  for 
example,  as  iron  or  calcium,  every  bright  line  in  the  spectrum  of 
the  metallic  element  corresponds  in  position,  breadth,  and  intensity 
with  a  dark  line  in  the  solar  spectrum. 

We  have  already  seen  that  the  bright  line  of  sodium  may  be 
reversed  and  converted  into  a  dark  line.  The  dark  lines  in  the  solar 
spectrum  have  a  similar  origin.  In  the  sun,  we  have  in  the  first 
place  an  incandescent  nucleus,  solid  or  liquid,  the  source-  of  light, 
and  capable  of  yielding  a  continuous  spectrum.  Owing  to  the  hio'h 


448 


INORGANIC  CHEMISTRY. 


temperature  of  the  sun,  the  elements,  of  which  the  mass  of  this 
luminary  is  composed,  are  in  part  volatilised,  and  we  have  thus  au 
atmosphere  of  incandescent  vapour  surrounding  the  incandescent 
nucleus.  Through  this  atmosphere  all  light  from  the  nucleus 
must  pass.  The  temperature  of  the  solar  atmosphere  is  necessarily 
lower  than  that  of  the  nucleus ;  hence  metallic  vapours  contained 
in  this  atmosphere  absorb  more  light  than  they  emit,  and  the  lines 
of  their  spectra  consequently  appear  dark  on  the  continuous  spec- 
trum of  the  nucleus.  The  nucleus  of  the  sun  is  distinguished  as 
th.Q  plwtosphere  ;  its  atmosphere,  in  which  this  selective  absorption 
occurs,  as  the  chromosphere.  Under  certain  conditions  it  is  possible 
to  submit  the  light  from  the  chromosphere  alone  to  spectroscopic 
examination,  and  in  tliis  case  a  spectrum  of  bright  lines  on  a  dark 
ground,  corresponding  with  that  of  a  glowing  gas,  is  obtained. 

The  origin  of  the  dark  lines  in  the  solar  spectrum  was  first 
satisfactorily  explained  by  Kirchhoff,  who  verified  his  theory  by  an 
elaborate  series  of  observations.  The  same  explanation  had,  how- 
ever, been  previously  suggested  by  Stokes. 

The  alternative  hypothesis,  that  the  coincidence  of  the  bright 
lines  of  the  spectra  of  the  metallic  elements  with  the  dark  lines  of 
the  solar  spectrum  is  due  to  chance,  and  not  to  the  presence  of  these 
elements  in  the  solar  atmosphere,  is  untenable.  In  the  case  of  the 
spark  spectrum  of  iron,  Angstrom  has  counted  no  fewer  than  460 
lines,  each  of  which  coincides  with  a  dark  line  in  the  solar  spec- 
trum. The  probability  of  460  chance  coincidences  in  the  spectrum 
of  one  metal  is  inconceivably  small;  and,  when  we  take  into 
account  the  fact  already  mentioned,  that  the  coincidence  of  the 
lines  is  one  not  merely  of  position,  but  in  every  case  one  also  of 
breadth  and  intensity,  this  small  probability  becomes  still  further 
diminished.  We  must  therefore  conclude  that  the  various  elements 
which  yield  these  lines  are  really  present  in  the  solar  atmosphere. 

The  following  is  a  list  of  the  metallic  elements  which  have  thus 
been  detected  in  the  atmosphere  of  the  sun : — 

H,  Na,  K,  Eb,  Cs,  Li,  Ba,  Sr,  Ca,  Mg,  Al,  Cr,  Be,  Ce,  La,  Yt, 
Zn,  Mn,  W\,  Co,  Fe,  U,  V,  Pb,  Bi,  Cu,  Cd,  Pd,  Ir,  Sn,  Mo,  Ti 

The  spectroscopic  study  of  the  stars  has  aflbrded  much  infor- 
mation concerning  the  constitution  of  these  bodies.  The  moon  and 
planets  exhibit  the  same  spectrum  as  the  sun,  which  is  in  accord- 
ance with  the  fact  that  they  shine  by  the  reflected  light  of  tliat 
luminary.  The  fixed  stars  are  found  to  be  bodies  constituted  like 
our  sun,  although  differing  greatly  both  from  the  latter  and  from 
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each  other.  The  spectra  of  the  greater  number  display  dark  lines. 
Many  terrestrial  elements  have  already  been  detected  in  the  stars. 
Thus  Aldebaran  contains  hydrogen,  sodium,  magnesium,  calcium, 
iron,  tellurium,  antimony,  bismuth,  and  mercury  ;  whilst  in  Sinus 
sodium,  magaesium,  and  hydrogen  have  been  detected. 

The  spectra  of  the  irresolvable  nebula,  on  the  other  hand,  dis- 
play bnght  lines.  This  shows  that  these  nebulse  consist  of  masses 
of  incandescent  gas,  without  a  solid  or  liquid  nucleus — a  dis- 
covery wliich  affords  powerful  support  to  the  Kant- Laplace  hypo- 
thesis of  the  origin  of  the  solar  system. 

Relations  of  the  Metals  to  Ghravity. 

Specific  Gh^avity  of  Metals. — A  table  of  specific  gravities  of  sub- 
stances consists  of  a  series  of  numbers  indicating  the  relative 
quantities  of  matter  contained  in  equal  volumes  of  these  sub- 
'  stances.  The  measure  of  the  quantity  of  matter  is,  cmteris  paribus, 
the  weight.  Since  in  the  case  of  solids  and  liquids  the  specific 
gravity  of  water  at  4°  is  taken  as  unity,  we  may  put  it  that  the 
number  expressing  the  specific  gravity  of  a  solid  or  liquid  sub- 
stance indicates  the  number  of  times  that  a  given  volume  of  this 
substance  is  heavier  (or  lighter)  than  an  equal  volume  of  water  at 
4°.  For  an  account  of  the  methods  by  which  the  specific  gravity  is 
determined  a  work  on  physics  must  be  consulted ;  but  the  following 
relation,  which  is  useful  to  remember,  may  be  mentioned  here : — 
The  number  expressing  the  specific  gravity  of  a  solid  or  liquid 
also  expresses  the  weight  in  grams  of  one  cubic  centimetre  of  the 
substance  measured  at  the  temperature  at  which  the  specific 
gravity  was  determined.  This  is  due,  in  the  first  place,  to  the  fact 
that,  in  the  metric  system,  the  unit  of  weight  is  the  weight  of  the 
unit  of  volume  of  water  at  4°  (1  cubic  centimetre  of  water  at  4° 
weighs  1  gram) ;  and,  secondly,  to  the  fact  above  mentioned,  that 
the  specific  gravities  of  solids  and  liquids  are  referred  to  that  of 
water  at  4°  as  unity. 

The  metals  exhibit  a  very  wide  range  in  their  specific  gravities, 
varying  from  0-594  in  the  case  of  lithium,  {ihe  lightest  of  known 
solids,  to  22-477  in  the  case  of  osmium,  the  heaviest. 

The  following  table  contains  the  specific  gravities  of  some  of 
the  more  important  metals  : — 
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Name  of  Metal.  gp.  gj.. 

Osmium   22-477 

Iridium    22-40 

Platinum   21-50 

Gold   19-26 

Mercury   13-596 

Lead   11-37 

Silver    10-47 

Copper   8-95 

Cadmium   8-66 

Iron   779 

Tin    7-29 

Zinc   6-92 

Aluminium   2-67 

Magnesium   1-74 

Sodium    0-974 

Potassium    0-865 

litliium   0-594 


Cohesive  Pcnuer. 

The  properties  of  matter  which  are  dependent  upon  cohesion, 
that  is  to  say,  upon  the  mutual  attraction  of  the  molecules  of  a 
substance,  are  tenacity,  hardness,  briitleness,  mallealility,  and  duc- 
tility. These  very  important  properties  are  possessed  by  the 
various  metals  in  very  different  degrees.  Upon  them  depends  the 
value  or  otherwise  of  the  metals  for  the  purposes  of  art  and  manu- 
facture. 

The  tenacity  of  a  substance  is  the  resistance  which  that  sub- 
stance opposes  to  the  separation  of  its  parts.  This  separation 
may  be  sought  to  be  effected  either  by  strain  or  by  crushing 
weight.  The  tenacity  of  a  metal  towards  strain  may  be  deter- 
mined by  suspending  weights  by  a  wire  of  the  metal,  and 
noting  the  weight  sufficient  to  cause  rujDture.  By  repeating  this 
operation  with  wires  of  different  metals,  care  being  taken  that  the 
wires  are  in  every  case  of  equal  cross-section,  a  table  of  relative 
tenacities  may  be  constructed.  In  the  following  table  the  tenacity 
of  lead  is  taken  as  unity : — 
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Relative  Tenacity  of  Metals. 

Lead   1 

Tin   1-3 

Zinc   2 

Palladium    11-5 

Gold   12 

Silver   12-5 

Platinum   15 

Copper   18 

Iron   27-5 

Nickel   41-2 

Steel   42 

This  means  that  if  a  lead  wire  of  given  thickness  will  support, 
as  maximum  load,  say  1  kilogram,  a  steel  wire  of  the  same  thick- 
ness will  support  42  kilograms.  The  tenacity  of  cobalt  is  greater 
than  that  of  iron.  The  tenacity  of  most  metals  is  diminished  by 
annealing,  that  is,  by  heating  the  metal  and  allowing  it  to  cool 
slowly. 

Eesistance  to  strain  and  to  crushing  weight  are  distinct  pro- 
perties. Thus  the  three  kinds  of  iron  range  as  follows  in  regard 
to  their  order  of  tenacity : — 

Strain.  Crushing  weiglifc. 

Wrought  iron.  White  cast  iron. 

Grey  cast  iron.  Grey  cast  iron. 

Wliite  cast  iron.  Wrought  iron. 


Hardness  is  the  resistance  which  a  substance  opposes  to  pene- 
tration, or  to  change  of  form  generally.  It  is  not  easy  to  deter- 
mine hardness  with  quantitative  accuracy;  but  we  may  readily 
ascertain  which  of  two  substances  is  the  harder  by  endeavouring 
to  scratch  the  one  with  the  other.  In  this  way  a  scale  of  standard 
substances  has  been  prepared  each  of  which  is  harder  than  its 
predecessor : — 

Scale  of  Hardness.  (Mohs.) 

1.  Talc.  6.  Felspar. 

2.  Gypsum  or  rock  salt.  7.  Quartz. 

3.  Calcite.  8.  Topaz. 

4.  Fluorspar.  9.  Corundum. 

5.  Apatite.  10.  Diamond. 

Thus  a  substance  which  scratches  fluorspar,  but  is  scratched  by 
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apatite,  has  a  hardness  lying  between  4  and  5.  The  numerals 
denote  simply  order,  not  degree,  of  hardness.  This  scale  is  much 
employed  by  mineralogists. 

Among  the  metals,  titanium,  manganese,  chromium,  and  ruthe- 
nium are  so  hard  as  to  scratch  glass,  wliilst  sodium  may  be 
moulded  with  the  fingers.  The  native  alloy  of  osmium  and 
iridium  is  exceedingly  hard,  and  is  employed  on  this  account  in 
the  manufacture  of  the  nibs  of  gold  pens. 

Brittleneas  is  the  incapacity  of  a  substance  to  undergo  change 
of  form — ^by  bending,  hammering,  or  otherwise — without  rupture. 
Among  the  metals,  brittleness  is  generally  associated  with  a  crys- 
talline structure:  the  crystalline  metals,  antimony,  arsenic,  and 
bismuth,  fly  into  fragments  imder  the  hammer.  Tenacious  metals 
frequently  possess  a  fibrous  structure.  Thus  the  highly  tenacious 
metals,  wrought  iron  and  wrought  copper,  are  fibrous,  as  may  be 
seen  by  fracturing  a  bar  of  the  metal  by  repeated  bending,  and 
observing  the  surface  of  fracture;  whereas  cast  iron  and  slowly 
deposited  electrolytic  copper  are  crystalline  and  brittle.  Fibrous 
wrought  iron,  when  kept  in  a  state  of  vibration  for  a  great  length 
of  time,  undergoes  a  slow  molecular  rearrangement,  whereby  the 
fibrous  structure  becomes  crystalline.  To  this  cause  is  sometimes 
due  tlie  snapping  of  the  axles  of  railway  carriages  and  of  the 
shafts  of  screw  steamers. 

Mallecibility  and  Ductility. — Alalleability  is  the  property  of 
being  reducible  to  thin  leaves,  either  by  hammering  or  by  passing 
between  rollers.  The  most  malleable  of  the  metals  is  gold :  it  has 
been  beaten  into  leaves  ■g-gwoo'^^^  inch,  in  thickness.  1  square 
decimetre  of  this  leaf  weighs  less  than  20  milligrams.  Silver  and 
copper  may  also  be  hammered  into  thin  leaf.  The  remaining 
metals  in  the  accompanying  table  may  be  reduced  to  thin  foil  by 
rolling,  but  not  by  hammering : — 

Order  of  Malleability. 

1.  Gold. 

2.  Silver. 

3.  Copper. 

4.  Tin. 

5.  Platinum 

6.  Lead. 

7.  Zinc. 

8.  Iron. 


DUCTILITY, 
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•  Ductility  is  the  capability  of  being  drawn  into  wire.  The 
metal  is  first  formed  into  rods;  these  are  then  drawn  through 
holes  in  a  steel  draw-plate.  The  holes,  through  which  the  wire 
passes,  diminish  in  size  by  regular  gradation.  The  process  of  draw- 
ing is  contuiued  until  the  requisite  degree  of  tenuity  is  attained. 
Sometimes  it  is  necessary  to  anneal  the  wire  from  time  to  time 
during  the  process  of  drawing.  Very  fine  gold  and  silver  wire  is 
drawn  through  an  aperture  in  a  ruby.  Most  malleable  metals  are 
ductile,  but  in  an  order  somewhat  different  from  that  of  their 
malleability : — 

Order  of  Ductility. . 

1.  Gold. 

2.  SHver. 

3.  Platinum, 

4.  Iron. 

5.  Copper. 

6.  Palladium. 

7.  Aluminium. 

8.  Zinc, 

9.  Tin. 
10.  Lead. 

Thus  iron,  by  virtue  of  its  superior  tenacity,  is  more  ductile  than 
some  of  the  more  malleable  metals,  A  non -malleable  metal 
cannot  be  ductile.  Gold  wire  has  been  drawn  -goVo^li  of  an  inch 
in  diameter.  Wires  of  gold  and  platinum  have  been  obtained  by 
WoUaston  -g- „  jio^th  of  an  inch  in  diameter.  This  extraordinary 
degree  of  tenuity  was  attained  by  placing  a  wire  of  gold  or  plati- 
num in  the  axis  of  a  cylinder  of  silver,  then  drawing  the  com- 
pound wire  in  the  ordinary  way  and  dissolving  off  the  silver  with 
nitric  acid.  Soft  metals,  such  as  sodium  and  potassium,  may  be 
obtained  in  the  form  of  wire  by  forcing  them  through  an  aperture 
in  a  steel  die.  This  has  of  course  nothing  to  do  with  the  true 
ductility  of  these  metals :  the  wires  are  pressed,  not  drawn.  True 
ductility,  as  above  stated,  is  dependent  to  a  great  extent  upon 
tenacity. 

The  properties  of  malleability  and  ductility  vary  in  each  metal 
with  the  temperature.  Copper  is  tough  and  malleable  at  ordi- 
nary temperatures ;  but  at  a  temperature  approaching  its  fusino- 
point  it  becomes  so  brittle  that  it  may  be  reduced  to  powder.  In 
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reference  to  this  property  copper  is  said  to  be  «  hot  short."  The 
behaviour  of  zinc  in  this  respect  is  peculiar:  at  ordinary  tempera- 
tures It  is  moderately  brittle:  between  100°  and  150°  it  is  so 
malleable  and  ductile  that  it  may  be  wrought  with  faciHty;  whilst 
at  205°  it  is  more  brittle  than  at  ordinary  temperatures,  and  may 
be  pulverised  in  a  mortar. 


Alloys. 

Many  metals,  when  fused  along  with  others,  unite  with  these 
to  form  a  homogeneous  metallic  mass  known  as  an  aUoy..  In 
some  such  cases  chemical  combination  appears  to  take  place :  thus 
the  union  of  sodium  witli  mercury  is  accompanied  with  evolution 
of  heat  and  light;  in  others  the  combination  is  merely  one  of 
mutual  solution.    The  chemical  compounds  which  are  formed  are 
difficult  to  isolate,  as  they  are  generally  soluble  in  all  proportions 
in  an  excess  of  any  of  the  constituents.    The  best  characterised 
chemical  compounds  are  always  those  which  result  from  the  union 
of  elements  differing  most  widely  in  their  properties— thus  of  the 
most  positive  with  the  most  negative  elements ;  and  in  such  com- 
pounds the  properties  of  the  constituent  elements  are  obliterated. 
The  metals,  on  the  other  hand,  standing,  as  they  do,  near  to  each 
other  in  the  electrochemical  scale,  form  compounds  which  are 
devoid  of  sharply-defined  characteristics,  and  in  which  the  proper- 
ties of  the  constituent  metals  are  preserved.    Thus  all  alloys 
possess  metallic  lustre,  and  are  good  conductors  of  heat  and  elec- 
tricity. 

Very  few  pure  metals  possess  properties  which  fit  them,  as  such, 
for  use  in  the  arts.  Thus  pure  copper  is  soft,  and  cannot  be  worked 
on  the  lathe.  By  alloying  it  with  zinc  it  is  converted  into  the 
hard  and  workable  brass.  In  like  manner  before  gold  and  silver 
can  be  coined,  these  metals  musb  be  alloyed  with  a  certain  per- 
centage of  copper  in  order  to  impart  to  them  the  necessary  hard- 
ness and  durability.  Thus  the  properties — sometimes  even  the 
defects — of  one  metal  are  employed  to  correct  or  modify  those  of 
anoLher  in  the  preparation  of  alloys. 

Alloys  of  metals  with  mercury  are  known  as  amalgams  (q.v.). 

The  properties  of  the  various  alloys  will  be  treated  of  later  on 
in  connection  with  one  or  other  of  their  constituent  metals. 

The  law  regulating  the  fusing-point  of  alloys  has  already  been 
referred  to  (p.  440). 
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Atomic  weight  =  39.  Proballe  molecular  weight  =  78.  8p.  g'r. 
0-865.  Fuses  at  62-5°.  Boils  at  a  low  red  heat.  Atomicity'. 
Evidence  of  atomicity : — 

Potassic  chloride    KQl. 

Potassic  iodide   • 

Potassic  hydrate   KHo. 

Potassic  sulphide   SKj. 

History.— Void.^%ium  was  first  isolated  in  1807  by  Davy,  who 
obtained  it  by  the  electrolysis  of  potassic  hydrate. 

Occurrence. — The  salts  of  potassium  are  widely  distributed  in 
nature.  Double  silicates  of  potassium  with  aluminium  and  other 
metals  form  a  variety  of  important  minerals,  which  are  among  the 
proximate  constituents  of  the  igneous  rocks.  By  the  disintegration 
of  these  rocks,  soils  are  produced.  From  the  soils  the  potas- 
sium is  absorbed  by  plants,  in  the  juices  of  which  it  occurs  as  the 
potassium  salts  of  organic  acids.  From  plants  it  passes  into  the 
bodies  of  animals. 

Further,  in  the  inorganic  world,  the  chloride,  bromide,  and 
iodide  of  potassium  are  found  in  sea-water,  in  mineral  springs,  and 
in  solid  saline  deposits,  whilst  the  nitrate  occurs  in  tropical 
climates  as  an  efflorescence  on  the  soil. 

Preparation. — 1.  When  a  piece  of  sohd  potassic  hydrate, 
slightly  moistened  in  order  to  increase  its  conducting  power,  is 
placed  between  the  poles  of  a  powerful  voltaic  battery,  decom- 
position takes  place  according  to  the  following  equation  :  — 

20KH    =    K2    +    H2    -h  O2. 

Potassic 
hydrate. 

Potassium  and  hydrogen  are  liberated  at  the  negative  pole.  The 
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potassium  forms  metallic  globules  whicli  inflame  in  contact  with 
air,  and  must  be  removed  and  preserved  under  petroleum 

was  the  method  of  preparation  originally  employed  by 

_  2.  Potassium  may  also  be  obtained  by  the  action  of  metallic 
iron  on  potassic  hydrate  at  a  strong  white  heat:— 

40KH    +    3Fe    =    iv(Pe3)viiio^    ^    211,    +  2H, 

Magnetic  iron  ^ 

3._  The  most  convenient  method  of  preparing  potassium  con- 
sists m  heating  potassic  carbonate  to  a  white  heat  with  charcoal 
Hydric  potassic  tartrate  (cream  of  tartar)  is  first  ignited  in  a  closed 
crucible,  when  the  foUowing  decomposition  takes  place:— 

rcoKo 

9J  CHHo 

"1  CHHo    =  C0^02   i-    5OH2    +    4C0    +  3C. 
I  COHo 

Hydi-ic  potassic  Potassic  Water.  Carbonic 

tartrate.  carbonate.  oxide. 

The  residue,  consisting  of  potassic  carbonate  and  finely  divided 
carbon,  is  mixed  with  charcoal  and  distilled  at  a  white  heat  from 
an  iron  retort  E  (Fig.  51)  :— 

Fig.  51. 
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COK02    +    20    =    300  + 

Potassic  Carbonic 
carbonate.  oxide. 

The  vapour  of  potassium  condenses  in  a  copper  receiver  r,  from 
which  air  is  excluded.  If  the  neck  of  the  retort  becomes^  choked 
during  the  process,  it  may  generally  be  cleared  by  means  of  an  iron 
rod  ?i,  introduced  through  the  lateral  tube  of  the  receiver.  Should 
this  fail,  the  fire-bars  B,  which  are  movable,  must  be  withdrawn,  so 
as  to  allow  the  fire  to  fall  on  to  the  hearth. 

The  potassium  obtained  by  the  above  process  is  contaminated 
with  carbonic  oxide,  from  which  it  must  be  freed  by  redistillation. 
A  neglect  of  this  precaution  may  lead  to  dangerous  accidents,  as 
when  the  crude  potassium  is  preserved,  even  under  petroleum,  a 
black  powder  is  formed  which  explodes  violently  on  the  slightest 
friction. 

Properties. — Potassium  is  a  silvery-white  metal,  brittle  and 
crystalline  at  0°,  but  at  ordinary  temperatures  soft  like  wax.  The 
freshly  cut  surface  of  the  metal  has  a  brilliant  lustre,  which  it 
almost  instantly  loses  when  exposed  to  air,  owing  to  the  formation 
of  oxide.  For  this  reason  it  is  necessary  to  keep  the  metal  im- 
mersed in  some  liquid  devoid  of  oxygen,  such  as  petroleum.  When 
heated  in  air  it  inflames  and  burns  with  a  violet  light,  forming  a 
mixture  of  peroxides  of  potassium. 

By  melting  potassium  in  a  sealed  tube  filled  with  coal-gas, 
allowing  the  metal  partially  to  solidify,  and  then  pouring  off  the 
liquid  portion,  well  formed  crystals  of  potassium  may  be  obtained. 

Reactions. — 1.  Potassium  decomposes  water,  even  at  its  freezing 
point,  with  great  energy,  the  heat  evolved  being  sufficient  to  cause 
the  ignition  of  the  liberated  hydrogen : — 

K2    -I-    2OH2    =     2KHo    4-  H2. 

Water.  Potassic 

hydrate.  , 

2.  It  inflames  spontaneously  in  an  atmosphere  of  chlorine.  It 
also  inflames  when  brought  in  contact  with  bromine,  the  reaction 
taking  place  with  explosive  violence.  In  these  cases  potassic 
chloride  (KCl)  and  bromide  (KBr)  are  formed. 

3.  When  potassium  is  ignited  in  a  stream  of  carbonic  anhy- 
dride, a  portion  of  the  latter  is  reduced,  with  lilDcration  of  carbon  : — 

2K2  3CO2    =    2COKO2    +  0. 

Carbonic  Potassic 
anhydride.  carbonate. 


I 
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Zrses.-Ovnng  to  its  powerful  affinity  for  electro-negative 
elements,  potassium  is  employed  in  the  laboratory  to  expel 
elements,  less  strongly  electro-positive  than  itself,  from  their  com- 
binations with  electro-negative  elements.  Thus,  by  its  means 
boron  and  silicon  may  be  prepared  from  their  oxides,  and  alumi- 
nium, magnesium,  and  other  metals  from  their  chlorides  The 
more  readHy  obtainable  sodium  has,  however,  ahnost  totally 
superseded  it  for  these  purposes. 

COMPOUND  OF  POTASSIUM  WITS  STDROGEN. 
Potassic  hydride,  K,B.,.-Wh^n  potassium  is  heated  in  a  current  of  pure 
hydrogen,  the  gas  is  absorbed  by  the  metal,  and  potassic  hydride  is  formed  The 
absorption  begins  at  200°,  and  is  most  rapid  about  300°.  The  hydride  is  a  brittle 
crystalline  mass,  with  a  silvery  metallic  lustre.  It  may  be  fused  in  an  atmosphere 
ot  hydi-ogen.  Under  ordinary  pressures  it  may  be  heated  to  410°  without  change 
but  in  a  vacuum  it  begins  to  dissociate  at  200°.  It  inflames  spontaneously  in  con- 
tact with  air. 

COMPOUNDS  OF  POTASSIUM  WITE  TEE  EALOGENS 

Potassic  chloeide,  KCl,  occurs  native  in  saline  deposits  as 
the  mineral  sylvine.  In  smaller  quantities  it  is  found  in  sea- water 
and  in  brine-springs.  It  crystallises  in  colourless  cubes,  and 
possesses  a  saline  taste.  It  dissolves  in  3  parts  of  water  at  ordi- 
nary temperatures,  and  is  more  soluble  at  higher  temperatures. 
Alcohol  does'  not  dissolve  it.  It  forms  molecular  compounds- 
double  salts— with  various  other  metallic  chlorides.  Potassic 
platinic  chloride  (potassic  cUoroplatinatc),  PtCl4,2KCl,  is  obtained 
as  a  granular  precipitate,  consisting  of  minute  octahedra,  when 
solutions  of  the  two  chlorides  are  mixed.  This  salt  is  almost  in- 
soluble in  cold  water,  and  is  used  in  the  quantitative  determination 
of  potassium. 

Potassic  beomide,  KBr,  forms  colourless  cubes  of  sp.  gr.  2-69, 
readily  soluble  in  water,  slightly  soluble  in  alcohol. 

Potassic  iodide,  KT,  is  prepared  by  digesting  iron  filings, 
water,  and  iodine  together,  filtering  the  colourless  solution,  and 
precipitating  the  iron  by  potassic  carbonate : — 

Pe    -f-    I2    =  Pel^; 

Ferrous 
iodide. 

Pel2    +    COK02    =    2KI    +  COFeo". 

Ferrous  Potassic  Potassic  Ferrous 

iodide.  carbonate.  iodide.  carbonate. 
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It  crystalHses  in  cubes  of  sp.  gr.  2-9.  It  dissolves  at  ordinary 
temperatures  in  O"?  part  of  water  and  in  40  parts  of  alcohol  Ihe 
aqueous  solution  dissolves  large  quantities  of  lodme.  Potassic 
iodide  forms  molecular  compounds  with  many  other  metaUic 

iodides.  . 

Potassic  fluokide,  KF,  is  obtained  by  neutrahsmg  hydro- 
fluoric acid  with  potassic  carbonate.  At  ordinary  temperatures  it 
is  deposited  from  its  solutions  in  crystals  of  the  formula  KF,20H2, 
but  above  35°  it  crystallises  in  anhydrous  cubes.  It  is  deli- 
quescent. The  solution  attacks  glass.  It  forms  numerous  double 
fluorides-  the  so-caUed  acid  fluoride  has  the  formula  KF,'RF. 
Potccssic  silicofluoridc,  SiFeK^  (=  SiF„2KF),  which  is  formed  as  a 
gelatinous  precipitate  when  hydrofluosilicic  acid  is  added  to  the 
solution  of  a  potash  salt,  may  also  be  regarded  as  belongiug  to  this 


class. 


COMPOUNDS  OF  POTASSIUM  WITH  OXYGEN. 

Potassic  oxide   OK2.    K— 0— K. 

Potassic  dioxide  \  r\^z-      — ^ — ^ — 


Potassic  tetroxide 


tOK- 
OK 

0 


—  i  0  • 
LOK 


K_0— 0— 0— 0— K 


Potassic  oxide,  OK2,  is  formed  by  the  spontaneous  oxidation 
of  potassium  at  ordinary  temperatures  in  dry  air.  It  may  also  be 
obtained  by  heating  potassic  hydrate  with  potassium : — 

2KHo         K2    =    2OK2    +  H2, 

Potassic  Potassic 
hydrate.  oxide. 

or  by  fusing  together,  in  a  current  of  nitrogen,  potassic  peroxide 
and  potassium. 

Potassic  oxide  is  white,  fusible,  and,  at  high  temperatures, 
volatile.  It  is  very  deliquescent,  and  combines  violently  with 
water  to  form  potassic  hydrate.  When  moistened  with  water  it 
becomes  incandescent. 

Potassic  dioxide,  KgO^,  is  formed  with  evolution  of  oxygen 
when  the  tetroxide  is  dissolved  in  water. 

Potassic  tetroxide,  Potassic  peroxide,  ^.f)^,  is  prepared  by 
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ptlr^^  w'n'r/"  '  °'  ^  chrome-yellow 

powder.    Water  decomposes  it  as  above  (see  P.toc  dio:dcll). 

COMPOUND  OF  POTASSIUM  WITH  EYDROXYL. 

PoTASSic  HYDRATE,  Gaustic  'potasK  Potash,Y.Yio  or  OKH  is 
prepared  by  boiling  in  an  iron  vessel  a  solution  of  potassic  cai^o- 
nate  with  calcic  hydrate :  

COKo,    +    CaHo^    =    2KHo    +  COCao". 

Potassic  Calcic  PotassiV  p  i  • 

carbonate.  hydrate  f  ^f^"" 

njorate.  hydrate.  carbonate. 

1  part  of  potassic  carbonate  is  dissolved  in  12  parts  of  water 
and  milk  of  Hme  is  added  tiU  a  sample  of  the  filtered  Hquid  no 
longer  effervesces  when  treated  with  an  acid.  (With  a  concen- 
trated solution  of  the  carbonate,  the  reaction  does  not  take  place  • 
m  fact  a  concentrated  solution  of  potassic  hydrate  decomposes' 
calcic  carbonate  with  formation  of  potassic  carbonate  and  calcic 
hydrate.) 

The  clear  solution  of  potassic  hydrate  is  decanted  from  the 
precipitate  of  calcic  carbonate,  and  is  concentrated,  first  in  a 
covered  iron  pot,  and  afterwards  in  a  silver  basin,  untH  aU  the 
water  has  been  driven  off  and  the  fused  oily  hydrate  remains. 
This  solidifies  on  cooling  to  a  crystalline  mass. 

It  is  also  formed  by  the  action  of  potassium  upon  water  (see 
p.  457)  and  by  dissolving  potassic  oxide  in  water:— 

OK2    +    OH2    =  20KH. 

Pro^er^ics.— Potassic  hydrate  is  a  hard  white  brittle  substance, 
with  a  slightly  fibrous  fracture.  It  fuses  below  a  red  heat,  and  at 
higher  temperatures  volatilises  without  decomposition.  It  is  very 
deliquescent.  It  dissolves  in  about  half  its  weight  of  water,  yield- 
ing a  higlily  caustic  solution,  which,  when  exposed  to  the  air, 
rapidly  absorbs  carbonic  anhydride.  Hot  concentrated  solutions 
deposit  on  cooling  quadratic  plates,  or  octahedra,  of  the  formula 
KIIo,20ll2,  readily  soluble  in  alcohol. 

Reactions. — By  contact  with  acids,  potassic  hydrate  produces 
potassium  salts : — 

KHo    +      HCl      =       KCl        +  OHg. 

Potassic         Hydrochloric  Potassic  Water, 

hydrate.  acid.  chloride. 
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KHo  +  SO2H02 

Potassic  Sulplmric 
hydrate.  acid. 

2KHo  +  SO2H02 

Potassic  Sulphuric 
hydrate. 


acid. 


=  s02Hok:o 

Hydric  potassio 
sulphate. 

=  SO2KO2 

Potassic 
sulphate. 


+  OH 


2- 

Water. 


+  OH2. 

Water. 


OXY-SALTS  OF  POTASSIUM. 

Potassic  niteate,  Nitre,  Saltpetre,  NO2K0.  {Ocmrrence,  for- 
viation,  nitre  plantations,  see  p.  224).  Mtre  is  manufactured  in 
large  quantities  from  Chili  saltpetre  (sodic  nitrate)  by  the  double 
decomposition  of  the  latter  salt  with  potassic  chloride.  Equal 
molecular  proportions  of  the  two  salts  are  dissolved  in  hot  water 
until  the  specific  gravity  of  the  solution  attains  to  1-5.  Sodic 
chloride,  which  is  almost  equally  soluble  in  hot  and  in  cold  water, 
separates  out,  whilst  the  solution  deposits  potassic  nitrate  on  cooling. 
The  product  is  technically  known  as  "  converted  nitre."  Potassic 
nitrate  is  dimorphous.  It  crystallises  most  frequently  in  longi- 
tudinally striated  six-sided  prisms  belonging  to  the  rhombic 
system,  but  may  also  be  obtained  in  minute  rhombohedra,  isomor- 
phous  with  those  of  sodic  nitrate.  It  has  a  cooling  saline  taste. 
It  dissolves  in  four  times  its  weight  of  cold  water,  and  in  a  third 
of  its  weight  of  boiling  water,  but  is  insoluble  in  alcohol.  It  fuses 
at  339°,  and  at  a  red  heat  is  decomposed  with  evolution  of  oxygen 
and  formation  of  potassic  nitrite.  At  a  very  high  temperature  it  is 
converted  into  potassic  oxide.  Owing  to  its  property  of  thus  part- 
ing with  oxygen,  it  oxidises  most  of  the  elements  when  heated  with 
them,  frequently  with  explosive  violenbe. 

Gunpotvder. — Gunpowder  is  a  mixture  of  75  parts  of  nitre,  10  parts  of  sulphur, 
and  15  parts  of  charcoal.  The  composition  varies,  however,  in  different  countries, 
and  also  according  to  the  piirpose  for  which  the  powder  is  intended.  The  separate 
ingredients  are  finely  powdered,  then  intimately  mixed,  adding  a  small  quantity 
of  water ;  the  mixture  is  pressed  by  hydraulic  power  into  a  hard  cake,  which  is 
then  granulated.  The  grains  are  sorted  according  to  size,  polished,  and  finally  dried. 
The  principal  products  of  the  combustion  of  gunpowder  are  nitrogen,  carbonic 
anhydride  (with  traces  of  carbonic  oxidc\  potassic  sulphate,  and  potassic  carbo- 
nate. The  explosive  force  of  gunpowder  is  due  to  the  sudden  evolution  of  gases 
occupying  a  volume  several  hundred  times  greater  than  that  of  the  original 
substance. 

Potassio  nitrite,  NOKo,  is  prepared  by  fusing  the  nitrate,  either  alone  or  with 
lead,  the  oxidisable  metal  serving  to  remove  the  oxygen  from  the  nitrate.  The  mass 
is  extracted  with  water,  and  the  solution  evaporated  and  allowed  to  crystallise.  The 
■unchanged  nitrate  separates  out  first,  whilst  the  nitrite  remains  in  the  mother 
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liquor,  from  wHch  it  maybe  obtained  by  further  eTaporation  in  small  prismatic 
deliquescent  crystals.    It  is  insoluble  in  absolute  alcohol.  prismatic 

POTASSIC  CHLORATE,  |gCl^.  (Preparation,  p.  186.)  This  salt 
forms  lustrous  tabular  crystals  belonging  to  the  monocUnic  system 
soluble  m  16  parts  of  cold,  and  in  2  parts  of  boiling  water  It 
fuses  at  334°,  and  is  decomposed  at  352°  into  oxygen,  potassic 
chloride,  and  potassic  perchlorate.  At  a  still  higher  temperature  it 
parts  with  the  whole  of  its  oxygen,  and  is  converted  into  potassic 
chloride  (pp.  188  and  160). 

It  is  a  powerful  oxadising  agent,  and,  along  with  sulphur  or 
antimonious  sulphide,  forms  detonating  mixtures  which  explode  by 
percussion  or  friction,  owing  to  the  sudden  combustion  of  the 
oxidisable  ingredient  at  the  expense  of  the  oxygen  of  the  potassic 
chlorate. 

roci 

Potassic  perchlorate,  4  0      (Preparation,  p.  187),  crystal- 

I^OKo 

lises  in  rhombic  prisms,  soluble  in  70  parts  of  cold,  in  6  parts  of 
boiling  water,  insoluble  in  alcohol.  Wlien  heated  to  about  400°  it 
is  decomposed  into  oxygen  and  potassic  cliloride. 

Potassic  Iromate,  |  ^  j.^,  is  best  prepared  by  passing  chlorine  into  an  aqueous 
solution  of  1  mol.  of  bromine  with  6  molecules  of  potassic  carbonate  :— 

6COK02    +    5CI3    +    Bra    =    ^{^o    +    ^^^^^    +  6^02- 
Potassic  Potassic        Potassic  Carbonic 

carbonate.  bromate.        chloride.  anhydride. 

(See  also  p.  319.)  It  crystallises  in  rhombohedra,  sparingly  soluble  in  water.  It 
resembles  in  its  properties  the  chlorate. 

Potassic  iodate,  |  — Chlorine  is  passed  into  water,  in  which  iodine  is  sus- 
pended, until  all  the  iodine  dissolves.  Potassic  chlorate  is  then  added,  when  potassic 
iodate  is  formed  with  CTolution  of  chlorine  : — 

*  {%!  =  {SL  * 

Hypiodous      Potassic  Potassic 
cliloride.       chlorate.  iodate. 

(See  also  p.  329.)  It  forms  small,  lustrous,  regular  crystals,  soluble  in  13  parts  of 
cold  water.  It  decomposes  on  heating  into  oxygen  and  potassic  iodide.  {Hyper- 
acid iodates,  p.  329.) 

Potassic  periodate,  <  O     ,  is  prepared  like  the  sodium  salt  (q.v.).   It  forms 
LoKo 

small  rhombic  crystals  which  require  300  times  their  weight  of  cold  water  for  solu- 
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tioB.  Between  250°  and  300°  it  undergoes  decomposition  into  oxygen  and  potassic 
i.date ;  at  a  higher  temperature  it  parts  with  aU  its  oxygen  and  is  eonverted  into 
potassic  iodide.    (For  the  formulce  of  the  more  complex  periodates,  see  p.  66i.) 

Potassic  carbonate,  COKo^,  is  obtained  from  the  ashes  of 
land  plants.  Wood  ashes,  when  lixiviated,  yield  a  solution  ot 
potassic  carbonate,  contaminated  with  small  quantities  of  sodic 
carbonate,  potassic  and  sodic  chlorides,  and  potassic  sulphate. 
When  the  solution  is  evaporated,  the  impurities  crystallise  out 
first,  leaving  the  more  soluble  potassic  carbonate  in  the  mother 
liquor,  from  which  it  may  be  obtained  in  the  crystallised  form 
by  further  evaporation.  On  a  large  scale  it  is  prepared  from 
native  potassic  chloride  by  a  process  similar  to  that  by  which 
sodic  carbonate  is  obtained  from  sodic  chloride  (see  Leblanc's  pro- 
cess). Very  pure  potassic  carbonate  may  be  obtained  by  igniting 
hydric  potassic  tartrate  (cream  of  tartar)  and  extracting  with  water 
the  mixture  of  potassic  carbonate  and  carbon  (see  p.  456).  It 
crystallises  from  its  aqueous  solution  in  colourless,  long,  pointed 
monochnic  prisms  of  the  formula  2COKo2,30H2.  This  salt,  when 
dried  at  100°,  has  the  formula  COKo2,OH ;  at  a  higher  temperature 
it  becomes  anhydrous.  The  anhydrous  salt  is  fusible,  and,  at  ^  a 
bright  red  heat,  volatile.  It  is  deliquescent  and  very  soluble  in 
water,  but  insoluble  in  alcohol.  The  solution  has  a  strong  alkaline 
xQ2iCiion.—Hijdric  potassic  carbonate,  COHoKo,  is  formed  when 
carbonic  anhydride  is  passed  into  a  concentrated  solution  of  the 
normal  carbonate : — 

COK02    +    CO2    +    OH2    =  2COH0K0. 

Potassic  Carbonic  Water.  Hydric  potassic 

carbonate.         anhydride.  cai'bonate. 

It  crysta,Uises  in  anhydrous  monoclinic  prisms,  which  are  soluble 
in  3—4  parts  of  cold  water.  When  the  dry  salt  is  heated,  or  when 
its  aqueous  solution  is  warmed  to  80°,  it  is  decomposed  into  normal 
carbonate,  carbonic  anhydride  and  water. 

Potassic  sulphate,  SO2K02,  is  obtained  in  large  quantities 
as  a  by-product  in  many  manufacturing  processes.  It  forms  anhy- 
drous, colourless  rhombic  crystals,  with  a  bitter,  saline  taste,  which 
are  soluble  in  10  parts  of  cold,  in  4  parts  of  boiling,  water.  It 
decrepitates  on  heating,  and  fuses  at  a  bright  red  heat. — Rydric 
potassic  sulphate,  SO2H0K0,  is  obtained  as  a  by-product  in  the  pre- 
paration of  nitric  acid  (p.  225),  and  may  be  prepared  by  heating 
1  molecule  of  the  normal  salt  with  1  molecule  of  sulphuric  acid. 
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Trom  solutions  containing  an  excess  of  acid,  it  crystalUses  ni 
tabular  rhombic  crystals.  It  fuses  about  200°  and  may  be 
obtained  in  monoclinic  crystals  by  the  slow  soHdification  of  the 
fused  salt.  It  IS  readily  soluble  in  water,  but  an  excess  of  tliis 
solvent  decomposes  it  into  the  normal  salt  and  free  sulphuric  acid 
For  this  reason,  only  the  normal  salt  is  deposited  from  dilute  solu- 
tions.   Heated  above  its  fusing-point,  it  parts  with  the  elements 

of  water  and  is  converted  into  fotassic  pijrosulphate,  /q^^^o 

'  IsO^Ko' 

which,  at  a  temperature  of  600°,  breaks  up  into  normal  sulphate 
and  sulphuric  anhydride  (cf.  p.  286). 

Potassic  sulphite,  SOKo2,20H2,  is  prepared  by  passing  sul- 
phurous anhydride  into  a  solution  of  potassic  carbonate  untS  the 
carbonic  anhydride  is  expelled.  It  forms  monoclinic  octahedra, 
which  are  very  soluble  in  water  and  somewhat  deliquescent.  The 
solution  possesses  an  alkaline  reaction  and  a  bitter  taste.  When 
heated,  the  salt  is  decomposed,  yielding  potassic  sulphate,  potassic 
sulphide  and  potassic  h.jdj!ditQ.—Hydric  potassic  sulphite,  SOHoKo, 
is  obtained  by  saturating  a  concentrated  solution  of  potassic  car- 
bonate with  sulphurous  anhydride.  It  forms  very  soluble  mono- 
clinic prisms.  The  addition  of  alcohol  to  the  aqueous  solution 
causes  the  salt  to  be  deposited  as  a  mass  of  acicular  crystals.  It 
has  an  alkaline  reaction  and  emits  an  odour  of  sulphurous  anliy- 
dride.  Exposed  to  the  air  in  solution,  it  is  gradually  oxidised  to 
sulphate. 

{■  SOKo 

Potassic  pyrosulpldte,  \0       ,  is  formed  when  sulphurous  anhydride  is  passed 
LsOKo 

into  a  warm  concentrated  solution  of  potassic  carbonate  until  eifervescence  ceases 
and  the  liquid  assumes  a  greenish  tinge.  On  cooling,  it  is  deposited  in  granular 
crystals. 

Potassic  dithionate,   ^  go'^Ko'     pi'sp^J'ed  by  exactly  precipitating  the  barium 

salt  (?.•».)  with  potassic  sulphate.  It  forms  hexagonal  crystals,  soluble  in  16  parts 
of  cold,  in  1^  parts  of  boiling  water.  On  heating,  it  is  decomposed  into  potassic 
sulphate  and  sulphurous  anhydride. 

Potassic  thiosulphate,  2S02KoK8,30Il2. — This  is  prepared  like  the  sodium  salt 
{q.v.).  The  salt  of  the  above  formula  is  deposited  from  its  aqueous  solution  at 
ordinary  temperatures,  and  crystallises  in  rhombic  octahedra.  At  temperatures 
above  30°,  the  solution  deposits  thin  four-sided  prisms  of  the  foi-mula  SSOnKoKs.OHn. 
At  200°  the  water  of  crystallisation  is  expelled,  and  at  a  still  higher  temperature 
the  salt  is  decomposed  into  a  mixture  of  potassic  sulphate  and  peutasulphide :  — 

4SO2K0KS      =      SSOaKos      +  KaSs. 

Potassic  Potassic  Potassic 

thiosulphate.  sulphate.  pentasulphide. 
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Potassic  selenate,  SeOaKoo,  is  prepared  by  fusing  selenious  anhydride  with 
nitre,  extracting  with  water  and  evaporating.  It  crystallises  in  forms  exactly 
resembling  those  of  potassic  sulphate.  It  may  be  distinguished  from  this  salt  by 
evolving  chlorine  when  heated  with  hydrochloric  acid,  at  the  same  time  undergoing 
reduction  to  potassic  selenite.  The  selenite,  SeOXo2,  forms  granular,  very  soluble 
deliquescent  crystals. 

Potas.no  tellurate,  leO.^o^.  Sydric  potassic  tellurate,  2160.2110110,30110. 
These  salts  are  obtained  by  adding  the  requisite  quantities  of  telhiric  acid  to  solu- 
tions of  potassic  carbonate.  The  neutral  salt  is  very  soluble,  the  acid  salt  gparingly 
soluble,  in  cold  water.  Other  more  complex  tellurates  of  potassium  are  known 
(see  p.  314). 

Potassic  Phosphates. — a.  Potassic  ortTiopliospJiate,  POKo,,  is 
prepared  by  igniting  2  molecules  of  pliospboric  anbydride  witb 
3  molecules  of  potassic  carbonate,  dissolving  in.  water  and  evapo- 
rating. It  forms  colourless,  very  soluble  needles. — Hydric  dipo-- 
tassic  orthopliospliate,  POHoKog,  may  be  obtained  in  solution  by 
adding  potassic  carbonate  to  a  solution  of  pbospboric  acid  till  a 
sbgbt  alkaline  reaction  is  produced.  It  is  imcrystallisable. — 
DiMjdric  potassic  orthopliosphate,  POHojKo,  is  prepared  by  adding 
phosphoric  acid  to  a  solution  of  potassic  carbonate  till  the  liquid 
has  a  strongly  acid  reaction.  On  evaporating,  large  colourless 
quadratic  crystals,  very  soluble  in  water,  are  obtained. 

rPOKOa 

b.  Potassic  pyrophosphate,   ■<  0         ,30H2,  is  preuared  by 

LPOK02 

igniting  hydric  dipotassic  phosphate  (cf.  p.  390).  It  may  also  be 
obtained  by  almost  neutralising  a  solution  of  phosphoric  acid  with 
alcoholic  potash,  then  adding  alcohol  as  long  as  milkiness  is  pro- 
duced, and  separating,  drying  and  ^igniting  the  syrupy  precipitate. 
The  mass  is  extracted  with  water  'and  evaporated,  to  the  point  of 
crystallisation.  It  forms  a  radio-crystalline  mass,  very  soluble  in 
water.  One  molecule  of  water  of  crystallisation  is  driven  off  at 
100°  but  a  temperature  of  300°  is  required  to  render  the  salt 
anhydrous.  In  the  anhydrous  state  it  is  deliquescent.— i)%fZric 
dipotassic  pyrophosphate,  P2O3HO2KO2,  is  obtained  by  precipitating 
with  alcohol  the  solution  of  the  neutral  salt  in  acetic  acid.  The 
syrupy  mass  is  washed  with  alcohol  to  renidve  the  potassic  acetate 
and  dried  over  sulphuric  acid.  It  forms  a  white  debquescent  mass. 

c.  Potassic  metaphosphate,  PO2K0,  is  prepared  by  ignitincv 
dihydric  potassic  phosphate  (cf  p.  388).  It  is  thus  obtained  as  a 
translucent  mass,  almost  insoluble  in  water,  readily  soluble  in 
dilute  acids.  Metaphosphates  of  complex  constitution  are  also 
known  (p.  388). 
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Potassic  phosphite,  PHoKoo. — This  salt  is  obtained  by  neutralising  the  aqueous 
acid  with  potassic  hydrate  or  carbonate  and  evaporating  in  vacuo.  It  is  deliquescent 
and  Tery  soluble,  and  can  only  with  difficulty  be  obtained  in  a  crystalline  form. 

Potassic  arsenates. — These  are  prepared  like  the  corresponding  phosphates,  with 
which  they  are  isomorphous,  and  which  they  closely  resemble  in  their  other  pro- 
perties. Potassic  arsenate,  AsOKog,  forms  deliquescent  needles  ;  hydric  dipotassic 
arsenate,  AsOHoKo.2,  is  uncrystallisable  and  deliquescent ;  dihydric pota-isic  arsenate, 
AsOHogKoj,  which  is  most  readily  obtained  by  fusing  arsenious  acid  with  nitre, 
extracting  with  water  and  evaporating,  forms  large  soluble  quadratic  crystals. 

Very  little  is  known  concerning  the  arsenites  of  potassium. 

Potassic  antimonates. — When  a  mixture  of  1  part  of  powdered  antimony  with 
4  parts  of  nitre  is  deflagrated,  and  the  mass  extracted  with  tepid  water,  potassic 
metantimonate,  SbOoKo,  remains  as  a  white  powder,  almost  insoluble  in  cold 
water.  When  this  substance  is  boiled  with  water,  it  gradually  dissolves,  taking  up 
the  elements  of  water  and  forming  dihydric  potassic  antimonate,  which,  on 
evaporating  the  solution  to  a  syrup,  separates  out  in  granular  crystals  of  the 
formula  2SbOHo2Ko,30H2.  By  fusing  antimonic  acid  or  either  of  the  above  anti- 
monates with  a  large  excess  of  potash,  dissolving  the  mass  in  water  and  evaporating, 
warty  crystals  of  tetrapotassic  pyr antimonate,  Sb203Ko4,  are  obtained.  This  salt  is 
stable  in  solution  only  in  presence  of  an  excess  of  caustic  potash  ;  piu-e  water 
decomposes  it  into  fres  potash  and  dihydric  dipotassic pyrantimonate  {metantimonate 
of  Fremy) ,  Sb203Ho2Koo,60H2,  a  granular,  almost  insoluble  powder,  which  is  con- 
verted by  long  boding  with  water  into  soluble  dihydric  potassic  antimonate  (see 
above). 

Potassic  borate. — The  metahorate,  BOKo,  is  prepared  by  fusing  together  equal 
molecules  of  boric  anhydride  and  potassic  carbonate.  It  is  very  soluble,  and  crystal- 
lises with  dilSculty.  Exposed  to  the  air  in  solution,  it  absorbs  carbonic  anhydride 
and  is  converted  into  hydric  potassic  diborate,  B202HoKo,20H2.  A  dipotassic  tetra- 
borate, B405Ko2,60H2,  is  obtained  by  mixing  hot  concentrated  solutions  of  1  mol.  of 
potassic  carbonate  and  2  mol.  of  boric  anhydride,  and  cooling  to  6°.  The  salt 
crystallises  in  hard,  transparent,  prismatic  crystals,  with  a  vitreous  lustre.  When  a 
boiling  solution  of  potassic  carbonate  is  acidified  with  boric  acid,  it  deposits  on 
cooling  prismatic  crystals  of  hydric  potas.nc  hexaborate,  B|;OgHoKo,40H2. 

Potassic  silicate  is  formed  when  silicic  acid  or  amorphous  silicic  anhydride  is 
dissolved  in  potassic  hydrate.  It  is  generally  prepared  by  fusing  together  potassic 
carbonate  and  white  quartz  sand.  No  compound  of  definite  composition  is  known. 
Potassic  silicate,  under  the  name  of  soluble  glass,  is  employed  as  a  cement. 

COMPOUNDS  OF  POTASSIUM  WITH  SULFEUB. 

The  following  have  been  obtained  : — 

Dipotassic  sulphide  ....  SKj-  — ^ — ^ 

Dipotassic  disulphide  . .  K2S2.  K — S — S — K 

Dipotassic  trisulphide  . .  Ka^s'  — ^ — ^ — ^ — 

Dipotassic  tetrasulphide  K2S4.  K — S — S — S — S — K 

Dipotassic  pentasulphide  X2S5.       K — S — S — S— S — S — K 

Dipotassic  heptasulphide  KjS^  ?  K— S— S— S— S— S— S— S— K 

Dipotassic  sulphide,  SKj,  is  formed  when  potassic  sulphate 
is  reduced  by  ignition  with  carbon  or  in  a  current  of  hydrogen :— 
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SO2K02    +  =    SK2    +  4OH2. 

Potassic  Dipotassic  Water, 

sidphate.  siilphide. 

It  is  a  reddish  crystalline  mass,  which  deliquesces  when  exposed 
to  the  air. 

A  solution  of  dipotassic  sulphide  may  be  obtained  by  dividing 
a  concentrated  aqueous  solution  of  potassic  hydrate  into  two  equal 
parts,  saturating  one  part  with  sulphuretted  hydrogen  so  as  to 
form  potassic  sulphliydrate  (c[.v.),  and  then  adding  the  other 
part : — 

KHo    +    KHs    =    SK2    +  OH2. 

Potassic  Potassic        Dipotassic  Water, 

hydrate.       sulphhydrate.  sulphide. 

The  concentrated  solution  deposits  deliquescent  prismatic  or 
tabular  crystals  of  the  formula  SK2,50H2. 

Dipotassic  disulphide,  K2S2J  is  formed  when  the  sulphhydrate  is  oxidised  by 
exposure  to  air  : — 

2KHs      +      O      =      K2S2      +  OH2. 
Potassic  Dipotassic  Water, 

sulphhydrate.  disulphide. 

By  evaporation  in  vacuo  the  disulphide  is  obtained  as  an  orange-coloured  mass. 

The  other  polysulphides  of  potassium  are  prepared  by  fusing  dipotassic  sulphide 
with  sulphur.  Below  600°  the  pentasulphide  is  formed  ;  between  600°  and  800" 
the  tetrasiilpMde ;  and  at  900°  the  irisulphide.  They  are  brownish-yellow  solids 
with  an  alkaline  reaction.  Exposed  to  moist  air  they  emit  an  odour  of  sulphuretted 
hydrogen. 

Solutions  of  these  polysulphides  are  formed  when  solutions  of  dipotassic  sul- 
phide are  boiled  with  the  requisite  quantities  of  flowers  of  sulphur.  In  this  way 
crystallised  aquates  of  some  of  these  sulphides  may  be  obtained,  for  example, 
£284,20112,  which  forms  orange-coloiired  laminae. 

COMPOUND  OF  POTASSIUM  WITH  HYDROSULPHYI. 

Potassic  sulphhydrate,  KHs,  is  obtained  by  heating  potassium 
in  a  current  of  sulphuretted  hydrogen : — 

2SH2    +    K2    =    2SKH    +  H2, 

Sulphuretted  Potassic 
hydrogen.  salphhydrate. 

or  by  passing  sulphuretted  hydrogen  over  potassic  carbonate 
heated  to  low  redness  : — 

COK02    +    2SH2    =    2SKH    +    CO2    4-  OH2. 

Potassic  Sulpliuret.ted        Potassic  Carbonic  Water, 

carbonate.  hydrogen.       sxilphhydrate.  anhydride. 

2  H  2 
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It  foi  ms  a  flesh-coloured  crystalline  mass,  which  melts  at  low 
redness  to  a  yellow  liquid. 

A  solution  of  potassic  sulphhydrate  may  be  obtained  by  satu- 
rating an  aqueous  solution  of  potassic  hydrate  with  sulphuretted 
hydrogen : — 

KHo      +      SH2     =     KHs     +  OH2. 

Potassic  Sulphuretted  Potassic  Water, 

liydrate.  liydrogen.  sulphhydrate. 

The  solution,  when  concentrated  in  vacuo,  deposits  colourless 
rhombohedra  of  the  formula  2KHs,OH2. 

Reactions  of  potassic  sulphhydrate,  dipotassic  sulphide  and  the 
higher  potassic  sulphides  : — 1.  Potassic  sulphhydrate  and  dipotassic 
sulphide,  when  acted  upon  by  acids,  yield  sulphuretted  hydrogen : — 

KHs  "+    HCl    =    KCl    +  SH2. 

Potassic       Hydrocliloric      Potassic  Sulphuretted 
BuliDhhydrate.         acid.  chloride.  hydrogen. 

SKa    +    HCl    =    KCl    +  SH2. 

Dipotassic    Hydrochloric      Potassic  Sulphuretted 
sulphide.  acid.  chloride.  hydrogen. 

2.  The  higher  suljDhides,  when  similarly  treated,  yield  sul- 
phuretted hydrogen  with  precipitation  of  sulphur : — 

K2S3    +    2HC1    =    2KC1    +    SH2    +  S2. 

Dipotassic      Hydrochloric       Potassic  Sulphuretted 
trisidpliide.  acid.  chloride.         hydrogen.  ' 

3.  When  dipotassic  sulphide  is  exposed  in  aqueous  solution  to 
the  action  of  the  air,  it  absorbs  oxygen  and  is  converted  into  a 
mixture  of  potassic  thiosulpliate  and  potassic  hydrate  : — 

2SK2    +    OH2    +    2O2    =    SO2K0KS    +  2KHo. 

Dipotassic  Water.  Potassic  Potassic 

sulphide.  thiosulphate.  hydrate. 

4.  A  mixture  of  the  higher  potassic  sulphides  with  potassic 
thiosulphate,  known  under  the  name  of  hepar  sulphuris  or  liver  of 
sulphur,  may  be  obtained  as  a  brown  mass  by  heating  potassic 
carbonate  with  sulphur : — 

3COK02    +  =    2K2S3    +    SO2K0KS    +  3CO2. 

Potassic  Dipotassic  Potassic  Cnrbonio 

carbonate.  trisulpliide.  thiosulphate.  anhydride. 

3COK02    +    6S2    =    2K2S5    +    SO^KoKs    +  3CO2. 

Potassic  Dipotassic  Potassic  Carbomc 

carbonate.  pentasulphide.        thiosiUplmte.  anhydi-iae. 
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5.  The  last  mixture,  when  acted  upon  by.  acids,  undergoes 
successively  the  following  decompositions  : — 


2K2S5 

Dipotassic 
pentasulpliide. 


+ 


SO^KoKs 

Potassic 
thiosiilphate. 


+      6HC1     =  6KC1 


+ 


SOJloHs 

Thiosiilphuric 
acid. 


then- 


Hydrochloric 
acid. 

•  + 

Sulphuretted 
hydi'ogen. 


Potassic 
chloride. 


4S 


2 ' 


SO2H0HS 

Thiosulphuric 
acid. 


2  ' 


=    SO2    +    S    +  OH 

Sulphurous  "Water, 
anhydride. 


and  finally — 
5SH,  + 


5SO2  = 


Sulphuretted 
hydrogen. 


Sulphurous 
anhydride. 


■SO2H0 

SO2H0 

Pentathionic 
acid. 


+    40H,    +  5S. 


Water. 


SULP HO- SALTS  OF  POTASSIUM. 


Potassic  stdphar senate,  AsS"Ks3,  is  prej)ared  by  dissolving  arsenic  sulpliide,  or 
arsenious  sulphide  together  with  sulphixr,  in  a  solution  of  potassic  sulphide  or 
potassic  sulphydrate : — 


As,S"5 
Arsenic 
sulphide. 

AS2S"3 

Arsenious 
sulphide. 


+ 


3SK2 
Potassic 
sulphide. 


3SE2 

Potassic 
sulphide. 


+  'S, 


2AsS"Ks3. 

Tripotassic 
sulpharsenate. 

=  AsS"E:s3. 
Tripotassic 
sulpharsenate. 


It  is  also  formed  when  a  solution  of  tripotassic  arsenate  is  saturated  with  sul- 
phuretted hydrogen : — 


AsO£o3 
Tripotassic 
arsenate. 


3SH2  - 

Sulphuretted 
hydrogen. 


AsS"K83 

Triijotassic 
sulpharsenate. 


3OH2. 

Water. 


It  is  obtained  as  a  deliquescent  crystalline  mass  of  the  formiila  AsS"Xs3,0Ho 
(perhaps  AsHoHsKsa). 

Potassic  sulphantimona'e,  SbS"Ks3,  may  be  obtained  in  the  same  manner  as  the 
sulpharsenate,  employing  the  corresponding  sulphides  of  antimony.  In  practice,  it 
IS  prepared  by  heating  together  finely  powdered  antimonious  sulphide,  sulphur, 
potassic  carbonate,  slaked  lime  and  water,  filtering  and  evaporating.  It  forms 
yellow  deliquescent  crystals  of  the  foi-mula  2SbS"K83,90H2. 

Treated  with  dilute  acids  in  the  cold,  the  alkaUne  sulpliarsenates  and  sulph- 
antimonates  yield  the  corresponding  acids  AsS"Hs3  and  SbS"Hs3.  On  boiling  tlie 
solulions,  these  acids  are  decomposed  into  arsenic  and  antimonic  sulphides  respec- 
tively, and  sulphuretted  hydrogen  :  — 


I 
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2AsS"H83      =      As,S"5     +  3SH2. 
Sulplmrsenic  Arsenic  Sulpliuretted 

acid.  sulphide.  hjdrogon. 

COMPOUND  OF  POTASSIUM  WITH  NITROaHN  AND  MTDROGEN 

Potassic  amide,  NKHs,  is  obtained  by  heating  potassium  gently  in  a  current  of 
dry  gaseous  ammonia.  The  potassium  fuses  in  the  gas  to  a  blue  liquid,  which 
solidifies  on  cooling  to  a  flesh-coloured  mass.  Water  decomposes  it  with  violence 
into  ammonia  and  potassic  hydrate  : — 

NKH2      +      OH2     =     NH3      +  OKH. 
Potassic  Water.       Ammonia.  Potassic 

amide.  hydrate. 

When  strongly  heated  in  an  atmosphere  free  from  oxygen,  it  is  decomposed  into 
ammonia  and  potassic  nitride  :  — 

SNKHj     =      2NH3      +  NK3. 
Potassic  Ammonia.  Potassic 

amide.  nitride. 

Potassic  nitride  is  a  greenish-black  substance  which,  in  contact  with  air,  spon- 
taneously inflames. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Potassium. — The  salts  of  iDotassium  with  colourless  acids  are  colour- 
less. Platinic  chloride  jDrecipitates  from  hydrochloric  acid  solutions 
of  iDotash  salts  a  yellow  crystalline  powder  of  potassic  platinic 
chloride  (PtCl4,2KCl),  very  sparingly  soluble  in  water,  insoluble  in 
alcohol  and  ether ;  this  salt,  when  heated  to  redness,  is  decomposed 
with  evolution  of  chlorine,  leaving  potassic  chloride  and  metallic 
platinum.  Hydrofiuosilicic  acid  gives  a  gelatinous  precipitate  of 
potassic  silicofluoride,  SiK2T'6-  Tartaric  acid  in  excess  precipitates 
from  moderately  concentrated  solutions  hydric  potassic  tartrate, 

"{^CIIHo(COHoj'  ^  white  crystalline  powder.  The  compounds 
of  j)otassium  impart  to  a  non-luminous  flame  a  violet  coloration 
which,  when  viewed  through  blue  cobalt  glass  or  a  solution  of 
indigo,  appears  red.  The  spectrum  of  potassium  contains  two 
characteristic  lines — Ka  in  the  red  and  K/3  in  the  violet — both 
coincident  with  lines  of  the  solar  spectrum. 
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SODIUM,  ? 

Atomic  weigJit  =  23.   Probable  molecular  vjeight  =  46.   Sj).  gr.  0-97. 
Fuses  at  95-6°.    Boils  at  a  red  heat.    Atortiicity ' .    Evidence  of 


atomicity : — 

Sodic  chloride   NaCl. 

Sodic  hydrate    ONaH. 

Sodic  oxide    O^a^- 


History. — Metallic  sodium  was  first  obtained  by  Davy  in  1807 
by  the  electrolysis  of  sodic  hydrate. 

Occurrence. — Sodium  is  an  abundant  and  widely  distribiited 
element.  It  does  not  occur  in  the  free  state.  In  combination  with 
silicic  acid  it  is  found  in  many  minerals  and  rocks,  and  in  soils. 
As  nitrate,  or  Chili  saltpetre,  it  forms  large  beds  on  the  surface  of 
the  ground  in  dry  districts  in  Chili  and  Peru.  As  carbonate  and 
as  iodide  it  occurs  in  the  ashes  of  sea  plants.  The  chloride  is, 
however,  the  form  in  which  it  is  found  in  the  greatest  abundance — 
thus,  as  rock  salt,  in  sea  water,  and  in  the  water  of  salt  springs. 
The  borate  and  sulphate  also  occur  in  nature. 

Preparation. — 1.  Davy  obtained  sodium  by  electrolysing,  be- 
tween the  poles  of  a  powerful  battery,  solid  sodic  hydrate  moistened 
with  water  (see  Potassium,  p.  455) : — 

20NaH    =    N"a2    -f    H2    +  O^- 

2.  Sodium  is  also  liberated  from  the  hydrate  by  acting  upon  it 
with  metallic  iron  at  a  strong  white  heat.  The  reaction  is  the 
same  as  in  the  case  of  potassium  (p.  456). 

3.  On  a  maniifacturing  scale,  sodium  is  prepared  by  distilling 
from  a  cylindrical  iron  retort  a  mixture  of  dry  sodic  carbonate  and 
charcoal,  to  which  a  small  quantity  of  chalk  is  added  to  prevent 
the  fusion  of  the  mass  and  the  consequent  separation  of  the  char- 
coal : — 

CONao2    -f    2C    =    N"a2    4-  SCO. 

SocUc  Carbonic 
carbonate.  oxide. 

Properties. — Sodium  resembles  potassium  in  its  properties.  It 
is  a  lustrous,  silver-white  metal,  which  almost  instantaneously 
tarnishes  from  oxidation  when  exposed  to  the  air.  At  a  tempera- 
ture of  —20°  it  is  hard,  but  at  ordinary  temperatures  it  is  of  tlie 
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consistence  of  wax.  When  heated  in  air  it  burns  with  a  yellow 
name,  forming  oxides  of  sodium.  By  fusing  it  in  a  tube  filled 
with  coal-gas,  allowing  it  partiaUy  to  solidify,  and  pouring  off  the 
still  liquid  portion,  it  may  be  obtained  in  crystals. 

Reactions.— ThQ  reactions  of  sodium  are  similar  to  those  of 
potassium,  but  less  energetic.  Thus  sodium  decomposes  water  with 
evolution  of  hydrogen,  the  metal  moving  rapidly  on  the  surface 
with  a  hissing  noise,  but  the  heat  developed  is  not  sufficient  to  in- 
flame the  hydrogen.  If,  however,  the  water  be  previously  heated 
above  60°,  or  if,  by  rendering  tlie  water  viscid  with  glue,  or  by 
placing  the  metal  on  wet  blotting-paper,  the  sodium  be  prevented 
from  moving,  and  therefore  from  too  rapidly  cooling,  the  hydrogen 
will  inflame.  Under  these  circumstances,  the  reaction  is,  however, 
sometimes  attended  with  a  violent  explosion.  Sodium  is'  not  acted 
upon  by  dry  chlorine  or  bromine,  even  when  gently  heated  with 
these  reagents;  in  presence  of  moisture,  however,  cliloride  and 
bromide  of  sodium  are  formed. 

Z7ses.— Sodium,  like  potassium,  is  employed  in  the  preparation 
of  various  metals  and  metalloids  from  their  oxides  or  chlorides.  It 
acts  by  combining  with  the  oxygen  or  chlorine,  and  liberating  the 
element  which  it  is  desired  to  isolate.  On  account  of  its  greater 
cheapness  and  lower  atomic  weight,  it  is  generally  preferred  for 
this  purpose  to  potassium  (see  p.  458).  It  is  thus  used  in  the  arts, 
in  the  preparation  of  aluminium  and  magnesium  from  their  chlo- 
rides. In  the  laboratory  it  is  also  employed  as  a  source  of  nascent 
hydrogen.  The  substance  to  be  submitted  to  the  hydrogenatincj 
action  is  brought,  along  with  water  or  alcohol,  in  contact  with  the 
sodium  (preferably  in  the  form  of  an  amalgam,  or  alloy  of  the 
metal  with  mercury — the  mercury  being  added  in  order  to  mode- 
rate the  violence  of  the  reaction),  and  in  this  way  the  hydrogen 
from  the  water  or  alcohol,  instead  of  being  liberated,  combines 
with  the  substance. 

COMPOUND  OF  SODIUM  WITE  SYDROOEN: 

Sodic  hydride,  'Evt^^,.  Sodium,  wlien  heated  to  a  temperature  between  300'' 
and  420°  in  a  current  of  dry  hydrogen,  absorbs  the  gas  with  formation  of  sodic 
hydride,  a  sUvery  metallic  mass,  of  sp.  gr.  0-959,  which  is  soft  at  ordinary  tempera- 
tures, but  at  lower  temperatures  brittle.  It  fuses  at  a  somewhat  lower  temperature 
than  sodium.  It  is  more  permanent  in  air  than  tlie  corresj)onding  jjotassium  com- 
pound. It  begins  to  dissociate  under  ordinary  pressures  at  420°;  in  vacuo, 
at  300°. 
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COMPOUNDS  OF  SODIUM  WITH  THE  HALOGENS 

SoDic  CHLORIDE  {Common  Salt),  JSTaCL— This  important  com- 
pound occurs  in  sea  water  (2-5  to  3  per  cent.),  in  salt  springs,  and 
as  rock  salt.  The  most  celebrated  salt  mines  are  those  of  Wie- 
liczka,  in  Galicia,  in  which  the  salt  deposit  is  500  miles  long, 
20  miles  broad,  and  1200  feet  thick.  When  the  salt  is  pure,  as  is 
sometimes  the  case  with  rock  salt,  it  is  obtained  direct  by  ordinary 
mining  operations.  Generally,  however,  it  is  contaminated  with 
earthy  matters,  from  which  it  must  be  freed  by  dissolving  in  water 
and  recrystallising.  Salt  is  also  obtained  from  sea  water:  in 
warm  climates,  by  allowing  the  water  to  evaporate  in  shallow 
basins ;  in  cold  climates,  by  letting  it  freeze  and  removing  the  ice, 
the  salt  remaining  in  the  liquid.  Chloride  of  sodium  is  formed 
when  sodium  is  burnt  in  chlorine.  It  crystallises  in  large  colour- 
less anhydrous  cubes  belonging  to  the  regular  system ;  from  solu- 
tions containing  urea  it  is  deposited  in  octahedra.  Below  —10°  it 
crystallises  from  water  in  monoclinic  plates  of  the  formula 
]SraCl,20H2,  which  at  ordinary  temperatures  part  with  their  water 
of  crystallisation  and  fall  to  pieces,  being  converted  into  a  number 
of  minute  cubes.  It  is  almost  equally  soluble  in  hot  and  in  cold 
water:  at  0°  water  takes  up  36  parts,  at  100°  39  parts.  Alcohol 
does  not  dissolve  it.    At  a  red  heat  it  is  fusible  and  volatile. 

Soclic  bromide,  ISTaBr,  is  prepared  by  neutralising  hydrobromic 
acid  with  sodic  carbonate,  or  by  decomposing  ferrous  bromide 
(PeBr2)  with  a  solution  of  sodic  carbonate  (see  Potassic  iodide, 
p.  458).  It  crystallises  from  its  aqueous  solution  above  30°  in 
anhydrous  cubes ;  below  this  temperature  in  monoclinic  prisms  of 
the  formula  ]SraBr,20H2.  It  is  readily  soluble  both  in  Avater  and 
in  alcohol, 

Sodic  iodide,  ISTal,  is  prepared  like  the  bromide,  which  it  also 
resembles  in  its  crystallographical  characteristics.  Above  20°  it 
crystallises  from  water  in  anhydrous  cubes ;  at  lower  temperatures 
in  monoclinic  forms  with  2  molecules  of  water  of  crystallisation. 
Both  water  and  alcohol  dissolve  it  freely.  Like  potassic  iodide  it 
forms  double  compounds  with  the  iodides  of  the  heavy  metals. 

Sodic  fluoride,  NaF,  is  obtained  by  neutralising  hydrofluoric 
acid  with  sodic  carbonate.  It  crystallises  in  anhydrous  cubes, 
which  are  soluble  in  25  parts  of  cold,  very  slightly  more  soluble  in 
boiling  water.  It  forms  numerous  double  compounds  with  other 
fluorides  and  with  hydrofluoric  acid.    The  mineral  cryolite  is  an 
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T'^'^^'tf^^T'^l-^  the  formula  Al,Fe,6Nar.  Sodic  silica. 
Jluonde,  SiF,Na„  (=  Sir,,2NaF),  forms  small  lustrous  hexagonal 
crystals,  sparingly  soluble  in  water.  ° 

COMPOUNDS  OF  SODIUM  WITE  OXYGEN  AND 

EYDBOXYL. 

Sodic  OXIDE,  Om,.-When  sodium  burns  in  air  a  mixture  of 
sodic  oxide  with  disodic  dioxide  (^,0,)  is  formed.  By  heatin. 
this  mixture  to  a  very  high  temperature,  the  dioxide  parts  with  half 
Its  oxygen,  and  is  converted  into  sodic  oxide,  which  is  thus  obtained 
as  a  grey  mass  with  a  conchoidal  fracture.  Water  converts  it 
with  evolution  of  great  heat,  into  the  hydrate. 

Disodic  dioxide,  is  obtained  by  heating  sodium  in 

oxygen  gas  tUl  the  weight  becomes  constant.  It  is  a  white  sub- 
stance, which  becomes  yeUow  on  heating,  but  turns  white  again  on 
cooling.  In  contact  with  water,  it  evolves  great  heat,  and  parts 
with  some  of  its  oxygen. 

Sodic  hydrate  {Caustic  soda),  NaHo.— This  compound  is 
formed  by  the  action  of  water  upon  sodium  or  upon  sodic  oxide. 
It  IS  prepared  by  acting  upon  a  boiling  solution  of  sodic  carbonate 
with  milk  of  lime : — 

CONao^    +    CaHo2    =    2J^"aHo    +  COCao". 

Sodic  Calcic  Sodic  Calcic 

carbonate.  hydrate.  hydrate.  carbonate. 

The  solution  of  sodic  hydrate  is  decanted  from  the  insoluble 
calcic  carbonate  and  concentrated,  first  in  an  iron  and  lastly  in  a 
silver  basin.    Most  of  the  sodic  hydrate  of  commerce  is  obtained  in 
the  manufacture  of  sodic  carbonate  (see  Leblanc's  process),  the 
calcic  oxide,  which  is  formed  in  roasting  the  Uack  ash,  acting  upon 
a  portion  of  the  sodic  carbonate  when  the  mass  is  treated  with 
water.    The  caustic  soda  remains  in  the  mother  liquors  after  the 
separation  of  the  other  salts — carbonate  and  sulphate.    A  small 
quantity  of  sodic  nitrate  is  added  in  order  to  oxidise  the  sodic  sul- 
phide to  sulphate. — Sodic  hydrate  is  an  opaque  white  fibrous 
substance  of  sp.  gr.  2-00,  resembling  potassic  hydrate  in  nearly  all 
its  properties.  It  fuses  below  redness,  and  at  a  higher  temperature 
volatilises.    When  exposed  to  the  air  in  large  masses,  it  does  not 
deliquesce,  but  merely  becomes  moist  on  the  surface,  after  which  a 
coating  of  the  nou-deHquescent  carbonate  is  formed,  which  pro- 
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tects  it  from  further  action.  It  is  very  soluble,  both  in  water  and 
in  alcohol,  yielding  powerfully  caustic  solutions.  The  concentrated 
aqueous  solution,  when  exposed  to  a  low  temperature,  deposits 
crystals  of  the  formula  2NaHo,70H2,  which  fuse  at  6°  to  a  liquid 
of  sp.  gr.  1-405.  Its  solutions  absorb  carbonic  anhydride  from 
the  air.*'  With  acids  it  yields  the  corresponding  sodium  salts  :— 

NaHo    +    NO2H0    =    NO^mo    +  OHa. 

Sodic  Nitric  acid.  Sodic  nitrate.  Water, 

hydrate. 

OXY-SALTS  OF  SODIUM. 

Sodic  niteate  {Chili  saltpetre),  N02N'ao,  occurs,  more  or  less 
contaminated  with  other  salts,  in  enormous  deposits  in  Chili  and 
Peru.  It  can  be  readily  purified  hy  crystallisation,  and  forms 
rhombohedral  crystals  fusing  at  313°.  It  is  soluble  in  about  its 
own  weight  of  water.  Owing  to  its  slightly  deliquescent  character, 
it  cannot  be  used  in  the  manufacture  of  ordinary  gunpowder,  but 
it  has  been  employed  in  the  case  of  powders  in  which  extreme 
rapidity  of  combustion  is  not  essential.  In  other  respects  it  resem- 
bles potassic  nitrate.  It  is  used  in  the  preparation  of  "  converted 
nitre"  (p.  461),  and  nitric  acid,  and  also  as  a  manure. 

Sodic  nitrite,  NONao,  is  prepared  lite  the  potassium  salt  (p.  461).  It  forms 
colourless  rhombohedra,  and  is  less  deliquescent  than  the  potassium  salt.  It  is 
soluble  in  alcohol. 

Sodic  chlorate,  |  is  formed  in  the  same  manner  as  the  potassium  salt 

(p.  186),  but,  owing  to  its  solubility  and  the  impossibility  of  separating  it  from  the 
chloride  which  is  formed  simultaneously,  cannot  be  so  prepared.  It  is  most 
readily  obtained  by  neutralising  a  solution  of  chloric  acid  with  sodic  carbonate  and 
evaporating.  It  forms  large  transparent  crystals  belonging  to  the  regular  system, 
and  exhibiting  hemihedral  faces,  which  in  some  crystals  are  positive,  in  others 
negative.  These  crystals  possess  a  corresponding  action  on  the  ray  of  polarised 
light,  the  positive  crystals  being  dextrorotatory,  the  negative  Icevorotatory.  It  is 
soluble  in  its  own  weight  of  water  at  ordinary  temperatures,  and  in  half  its  weight 
at  100°.  In  other  respects  it  resembles  the  potassium  salt, 
r  OCl 

Sodic  'per chlorate,  \Q>      ,  is  prepared  by  neiitralising  perchloric  acid  vrith  sodic 
[oNao 

hydrate  or  carbonate.  It  is  a  deliquescent  salt,  readily  soluble  in  water,  soluble 
also  in  alcohol. 

Sodic  bromate,  |  gNao'     pj'ep^i'ed  like  Ihe  potassium  salt  (p.  462).    It  forms 

small  lustrous  crystals,  soluble  in  about  3  parts  of  water  at  ordinary  tempera- 
tures. Below  —4°  it  crystallises  in  four-sided  prisms  containing  water  of  crystalli- 
sation. 


476 


.INOEGANIC  CIIEMISTUY. 


Sodic  iodaf.e,  {g^^^.is  obtained  in  the  san.e  naanner  as  the  potassiun.  salt 
(p.  4b2).    It  crystallises  at  ordinary  temperatures  witV.         V.  ,1     i  r 
.rystalUsafcion  in  silky  needles.    It  I  .ollllt  ll^^^:,  oT  Z     B  7  V 
.  deported  in  transparent  rhombic  prisms  with  5  moleeTlT  of  :  er  of  ^ 

roi 

Sodic  periodate,  jo^^^,30H,    When  ehlorine  is  passed  into  a  solution  of 

rated  T,!:      '  .  f'^."  T"^'  ^^'^  '"^^"^^^'^      ^^^^^  -trie  acid  and  evapo- 

I ated  ,  converted  into  the  normal  salt  IO,Nao,30H,.  (On  the  formulation  of  Z 
perxodates    see  p.  332.)    The  normal  salt  forms  eolourless  hexagonal  cry  tit 

w  tt  of'c  Tu'  l-^""'''  "o'^^'^"-^  temperatures.  The  crystals  part  Jth'tht 
^ater  of  crystalhsation  at  100°.  Heated  to  275=  the  anhydrous  salt  gives  off 
oxygen,  and  is  converted  into  iodate.  ^ 

SoDic  CARBONATE,  CONao^,  occurs  in  the  soda  lakes  of  Eaypt 
and  Hungary,  and  in  the  volcanic  springs  of  Iceland.  It  consti- 
tutes the  greater  part  of  the  ash  of  sea  plants,  from  which  source  it 
was  formerly  obtained.  The  two  methods  at  present  employed  in 
Its  preparation  are:  the  2^rocess  of  LeUanc  and  the  ammonia-soda 
process,  both  of  which  start  from  sodic  chloride. 

1.  LeUanc s  Process.— This  process  consists  of  two  parts:  the 
conversion  of  the  sodic  chloride  into  sodic  sulphate  or  salt  cake, 
known  as  the  salt  calce  process;  and  the  manufacture  of  sodic  car- 
bonate or  soda  ash  from  the  sulphate,  known  as  the  soda-ash 
process.  In  the  first  of  these  processes  the  sodic  chloride  is  treated, 
m  a  large  hemispherical  cast-iron  pan  heated  over  a  furnace,  with 
the  requisite  quantity  of  sulphuric  acid.  The  hydrochloric  acid 
which  is  evolved,  passes  through  towers  filled  with  coke,  over 
which  a  stream  of  water  trickles,  and  is  thus  absorbed.  After 
heating  for  some  time,  the  mixture  of  acid  and  salt  sohdifies,  upon 
which  it  is  transfei'red  from  the  iron  pan  to  the  bed  of  a  reverbera- 
tory  furnace,  where  the  decomposition  is  completed. 

In  the  soda-ash  process,  the  sodic  sulphate  or  salt  cake,  as  it  is 
technically  termed,  is  mixed  with  crushed  chalk  or  limestone  and 
small  coal,  and  gradually  heated  in  a  reverberatory  furnace.  The 
action  takes  place  in  the  two  following  stages : — 

SOoNaOa    +    4C    =    SNa2    -f  4C0, 

Sodic  Sodio  Carbonic 

sulphate,  sulphide.  oxide. 
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SNag    +    COCao"    =    CONaOa    +  CaS", 
Sodic  Calcic  •  Sodic      •  Calcic 

sulphide.  carbonate.  carbonate.  sulphide, 

the  calcic  sulphide  combining  with  the  excess  of  calcic  oxide 
(formed  from  the  chalk),  and  yielding  insoluble  calcic  oxysul- 
phide. 

These  reactions  take  place  simultaneously  in  the  above  opera- 
tion. When  the  change  is  complete,  the  mass,  which  is  known  as 
llach  ash,  is  allowed  to  cool,  and  is  then  extracted  with  water, 
which  dissolves  the  sodic  carbonate,  leaving  behind  the  insoluble 
oxysulphide.  On  evaporating,  the  sodic  carbonate  crystallises  out, 
and  may  be  purified  by  recrystallisation. 

A  portion  of  the  chalk  is  converted  by  the  heat  into  quicklime, 
and  this  gives  rise  to  the  formation  of  sodic  hydrate  when  the  mass 
is  treated  with  water.  This  sodic  hydrate  may  be  recovered  from 
the  mother  liquors  of  the  carbonate  (p.  474). 

2.  Ammonia-soda  Frocess. — By  the  action  of  hydric  ammonic 
carbonate  on  a  concentrated  solution  of  sodic  chloride,  hydric  sodic 
carbonate  and  ammonic  chloride  are  produced : — 

COHoCN^H^O)    +     NaCl    =    COHolSrao     +  NH^Cl. 

Hydric  ammonic  Sodic  Hydric  sodic  Ammonic 

carbonate.  chloride,  carbonate.  chloride. 

The  sparingly  soluble  hydric  sodic  carbonate  separates  out,  whilst 
the  ammonic  chloride  remains  in  solution.  By  heating  the  hydric 
sodic  carbonate,  it  is  converted,  with  evolution  of  carbonic  anhy- 
dride, into  the  normal  salt : — • 

2COHoNao    =    CONaOa    +    CO^    +  OH2. 

Hydric  sodic  Sodic  Carbonic  Water, 

carbonate.  carbonate.  anhydride. 

The  carbonic  anhydride  is  employed  in  reconverting  into  hydric 
ammonic  carbonate  the  ammonia  recovered  from  the  ammonic 
chloride. 

Sodic  carbonate  crystallises  at  ordinary  temperatures  in 
efflorescent  monoclinic  crystals  of  the  formula  COISraOj.lOOHj, 
fusing  at  50°  to  a  clear  liquid,  which  gives  off  water,  and  deposits 
a  pulverulent  salt  with  one  molecule  of  water  of  crystallisation. 
At  temperatures  between  '60°  and  50°  it  is  deposited  in  rhombic 
crystals  with  VOTIg.  It  is  readily  soluble  in  water,  with  a  maxi- 
mum solubihty  at  38° : — ■ 
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100  parts  of  water  dissolve  :  

So  7  parts  of  anhydrous  salt. 

»    38°    51 

„  104°    45 


Anl^drous  sodic  carbonate  fuses  at  a  bright  red  heat,  and  may 
be  vola  ilised  at  a  ^vhite  heat.  The  chief  consumption  of  sodic 
carbonate  is  m  the  manufacture  of  glass,  in  soap-iaking,  and  in 
bleaching  calico.  a,  u 

_  sodic  carhonate,  COHoNao,  occurs  naturally  in  many 

mineral  waters.  It  is  formed  when  a  concentrated  solution  of  the 
normal  carbonate  is  saturated  with  carbonic  anhydride  The  crys 
tallised  normal  carbonate  also  absorbs  carbonic  anhydride  with 
evolution  of  heat,  a  property  which  is  taken  advantage  of  in  the 
preparation  of  the  salt  on  a  large  scale.  The  acid  carbonate  can  be 
readily  separated  from  the  normal  carbonate  by  its  more  sparine 
solubility.  Hydric  sodic  carbonate  is  also  obtained  in  the  prepara- 
tion of  sodic  carbonate  by  the  ammonia-soda  process  (p.  477)  It 
forms  monoclinic  prisms,  soluble  in  10—11  parts  of  water  at  ordi- 
nary temperatures.  When  its  solution  is  heated,  the  salt  parts 
with  a  portion  of  its  carbonic  acid,  yielding  the  so-called  sesqui- 
carbonate,  CONao2,2COHoNao,20H2,  which  may  be  obtained  in 
crystals  by  cooling  the  solution.  The  sesquicarbonate  also  occurs 
in  large  deposits  in  Africa  and  South  America,  the  natural  product 
being  known  as  trona  or  urao.  If  the  solution  of  hydric  sodic 
carbonate  be  boiled  for  a  sufficient  length  of  time,  it  is  entirely 
decomposed  into  normal  carbonate,  carbonic  anhydride,  and  water. 
The  same  decomposition  takes  place  when  the  dry  salt  is  heated. 

Potassio  sodic  carhonate,  COKoNao.GOFj.— Tbis  salt  crystallises  from  the  solu- 
tion of  a  mixture  of  potassic  and  sodic  carbonates.  It  forms  efflorescent  monoclinic 
crystals.  It  cannot  be  recrystallised  from  water  without  decomposition.  The 
anhydrous  salt  fuses  at  a  red  heat  more  readily  than  either  potassic  or  sodic  carbo- 
nate. On  account  of  this  property  it  is  employed  in  mineral  analysis  for  the  decom- 
position of  silicates  by  fusion. 

Sodic  sulphate  {G-lmibers  salt),  S02lSrao2,  occurs  in  nature  in 
the  anhydi^ous  form  as  the  mineral  thenardite  and  with  ten  mole- 
cules of  water  of  crystallisation  as  Glauhcr's  salt.    Glauherite  is  a 

native  sodic  calcic  sulphate  of  the  formula  sQ^jJ^Q^ao".  Sodic 

sulphate  also  occurs  iu  sea- water  and  in  the  water  of  brine  springs. 
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It  is  prepared  in  enormous  quantities  under  the  name  of  salt  cake 
as  a  preliminary  step  in  the  manufacture  of  sodic  carbonate  by 
Leblaac's  process  (p.  476).  It  crystallises  at  ordinary  temperatures 
in  large  colourless  efflorescent  monoclinic  prisms  of  the  formula 
SO  Nao2,10OH2,  which  fuse  at  33°  in  their  water  of  crystallisation. 
It  is  very  soluble  in  water,  with  a  maximum  solubility  at  33°. 
100  parts  of  water  dissolve : — 

At     0°    5   parts  of  anhydrous  salt. 

,,20°    20 

„    33°    50-6  „ 

„  103°    42-65  „ 

(See  also  p.  118.)  A  solution  saturated  at  33°  deposits,  when  heated 
'  above  this  temperature,  small  rhombic  octahedra  of  the  formula 
S02Nao2,OH2  (formerly  supposed  to  be  anhydrous ;  see,  however, 
Thomsen,  Ber.  d.  deutsch.  chem.  Ges.,  11,  2042).  This  monaquate  is 
always  deposited  from  solutions  at  temperatures  above  40°.  When 
a  solution  saturated  at  33°  is  cooled,  it  does  not,  if  protected  from 
the  air,  deposit  crystals,  and  in  hermetically  sealed  vessels  may  be 
preserved  for  an  indefinite  period  in  this  supersaturated  condition ; 
but  the  introduction  of  a  fragment  of  the  solid  salt,  or  even  con- 
tact with  dust  from  the  air,  which  probably  always  contains  the 
solid  salt,  is  sufficient  to  determine  the  solidification  of  the  liquid 
to  a  magma  of  crystals,  this  process  being  accompanied  by  a  rise 
of  temperature.  When  the  supersaturated  solution  is  evaporated 
in  vacuo  over  sulphuric  acid,  it  deposits  crystals  of  a  salt  having 
the  formula  S02lSrao2,7OH2,  this  probably  being  the  form  in  which 
the  substance  is  present  in  the  supersaturated  solution.  Crystal- 
Used  sodic  sulphate  dissolves  in  concentrated  hydrochloric  acid 
with  great  absorption  of  heat.  A  useful  freezing  mixture  is 
obtained  by  pouring  5  parts  of  the  acid  upon  8  of  the  sulphate.  — 
Eydric  sodic  sulphate,  S02HoN'ao,  is  prepared  like  the  potash  salt 
(p.  463).  It  crystallises  at  ordinary  temperatures  in  monoclinic 
prisms  with  1  aq.*  ;  above  50°,  in  anhydrous  triclinic  forms.  It  is 
readily  fusible.  Heated  above  its  fusing  point  it  parts  with  the 
elements  of  water,  yielding  sodic  pyrosulphate,  SgOgNaOg ;  at  a  still 
higher  temperature  sulphuric  anhydride  is  expelled  and  the 
normal  sulphate  remains. 

Tripotassic  sodio  disulphate,  S02Ko2,S02TIo'Nao,  is  obtained  in  hexagonal  plates 


*  In  aquates  the  symbol  "  aq."  is  frequently  emplojed  to  denote  a  molecule  of 
water  of  crystalUsation. 
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.vhen  nnxed  solutions  of  sodic  and  potassic  sulphate  are  allowed  to  crystallise  At 
the  moment  of  crystallising,  the  salt  emits  flashes  of  light,  visible  in  the  dark  tZ 
phenomenon  being  most  striking  when  the  temperature  of  the  solution  is  about  V 

SoDic  SULPHITE,  SONao„70H„  forms  monoclinic  crystals 
readily  soluble  m  water  aud  possessing  an  alkaline  reaction  When 
the  solution  is  heated,  it  deposits  an  anhydrous  salt,  which  dis- 
solves again  on  coolmg.—Hydric  sodic  sulphite,  SOHoXao,  crystal- 
lises in  small  lustrous  prisms,  readily  soluble  in  water  and  pos- 
sessing an  acid  reaction.  The  salt  evolves  sulphurous  anhydride 
when  exposed  to  the  air,  and  is  spontaneously  oxidised  to  snlphatr. 
Sodic  pyrosuIphUe,  ^^O^'^s.o^,  is  also  known.  The  sulphites  of 
sodium  are  prepared  like  the  corresponding  potassium  salts  (p.  464). 

Sodio  dithionate,  |  so^Nao'^OS^-     Pi'epared  Hke  the  potassium  salt  (p.  461).  ' 
It  forms  transparent  rhombic  prisms,  readily  soluble  in  water.  ^ 

SoDic  THIOSULPHATE  (^Sodic  hyposulphite),  S02^TaoNas,50H,.'' 

(Preparation,  see  p.  298.)  This  salt  is  obtained  on  a  large  scale 
from  soda  waste,  the  insoluble  matter  which  remains  after  the  ex- 
traction of  the  sodic  carbonate  from  the  Uack  ash  in  Leblanc's 
process.  By  exposing  this  residue  in  a  moist  condition  to  the  air, 
the  calcic  sulphide  (or  oxysulphide)  wliich  it  contains  is  oxidised 
to  calcic  thiosulphate,  calcic  hydrate  being  formed  at  the  same 
time : — 

2CaS"    +  +    OH,    =    SO,(^Ca)    +  CaHo,. 

Calcic  Water.  Calcic  Calcic 

sulpliide.  thiosulphate.  hydrate. 

The  calcic  thiosulphate  is  extracted  with  water  and  decomposed 
with  sodic  sulphate,  thus  yielding  sodic  thiosulphate  and  insoluble 
calcic  sulphate.  Sodic  thiosulphate  forms  large'  well-defined 
monoclinic  crystals,  readily  soluble  in  water  and  somewhat  deli- 
quescent. It  fuses  at  56°  in  its  water  of  crystallisation.  When 
the  dry  salt  is  heated  it  is  decomposed  like  the  potassium  salt 
(p.  464)  into  a  mixture  of  sulphate  and  sulphide.  The  aqueous 
solution  dissolves  the  chloride,  bromide  and  iodide  of  silver,  a  pro- 
perty which  has  caused  the  salt  to  be  employed  in  fixing  photo- 
graphic prints.  Sodic  thiosulphate  is  also  used  as  an  antichlore,  to 
destroy  the  excess  of  the  chlorine  employed  in  bleaching  vegetable 
fibre. 

Sodic  selenate,  SeO2lSraoo,10OH2,  is  prepared  Hie  the  potassium  salt  (p.  465). 
It  closely  resembles  sodic  sulphate  in  its  properties, 

Sodic  ielliu-ate,  TeOjNaoj,  resembles  the  potassium  salt.  • 
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SoDic  Phosphates: — 

a.  Soclic  phosphate,  PONao3,120H2,  is  prepared  by  fusing 
2  molecules  of  hyclric  disodic  phosphate  with  1  molecule  of  sodic 
cai-bonate,  dissolving  in  water  and  crystallising ;  or  by  evaporating 
a  solutiun  of  hydric  disodic  pliosphate  in  caustic  soda.  The  salt 
crystallises  in  thin  sLx-sided  prisms,  readily  soluble  in  water, 
efflorescent  in  dry  air.  The  solution,  which  has  a  strong  alkaline 
reaction,  absorbs  carbonic  anhydride  from  the  air,  the  third  atom 
of  sodium  being  thus  abstracted  to  form  carbonate,  whilst  hydric 
disodic  phosphate  remains— iT^/cZric  disodic  phosphate  {"phosphate 
of  soda")  POHoN'ao2,120H2,  is  obtained  by  adding  sodic  carbo- 
nate or  sodic  hydrate  to  orthophosphoric  acid  until  the  liquid  has  a 
shght  alkaline  reaction,  and  then  evaporating  to  the  crystallising 
point.  On  a  large  scale  the  orthophosphoric  acid  for  this  purpose 
is  obtained  by  decomposing  bone  ash  with  the  requisite  quantity 
of  dilute  sulphuric  acid  and  filtering  from  the  insoluble  calcic  sul- 
phate. The  salt  forms  eflaorescent  monoclinic  prisms,  soluble  in 
4-5 — 5  parts  of  water  at  ordinary  temperatures.  The  solution  has 
a  weak  alkaline  reaction.  At  37°  the  crystals  fuse  in  their  water 
of  crystallisation.  At  temperatures  above  30°  the  solution  deposits 
non-efflorescent  crystals  of  a  salt  with  7  aq.  When  heated  to  red- 
ness hydric  disodic  phosphate  parts  with  the  elements  of  water, 
forming  tetrasodic  pyrophosphate,  PgOgNao^.  Hydric  sodic  phos- 
phate was  formerly  much  used  in  calico-printing  under  the  name 
of  "  dung  substitute,"  but  is  now  superseded  by  the  cheaper  sodic 
arsenate. — Dihydric  sodic  phosphate,  POHo2lsrao,OH2,  is  obtained 
by  adding  phosphoric  acid  to  the  disodic  salt  until  the  solution  no 
longer  yields  a  precipitate  with  baric  chloride,  and  then  evapora- 
ting. It  crystallises  in  rhombic  prisms,  readily  soluble  in  water, 
yielding  an  acid  solution. 

Eydric  potassic  sodic  phosphate,  POHoKoNao.VOHo,  is  prepared  by  adding 
potassic  carbonate  to  a  solution  of  dihydric  sodic  phosphate  until  the  liquid  has  a 
slight  alkaline  reaction.    It  forms  soluble  monoclinic  crystals. 

b.  Sodic  pyrophosphate,  P2O3Nao4,10OH2,  is  prepared  by  heat- 
ing hydric  disodic  phosphate  to  redness,  dissolving  the  mass  in 
water  and  allowing  to  crystallise  (p.  390).  It  is  thus  obtained  in 
large  monoclinic  crystals,  soluble  in  10 — 12  parts  of  water  at 
ordinary  temperatures,  and  in  their  own  weight  of  water  at  100°. 
The  aqueous  solution  may  be  boiled  without  alteration,  but  when 
boiled  with  hydrochloric,  nitric,  or  even  acetic  acid,  the  salt  takes 
up  the  elements  of  water,  at  the  same  time  parting  with  a  portion 
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of  its  baf3e  to  the  acid,  and  is  converted  into  diliydric  sodic  phos- 
phate.—DiAT/cZr-ic  clisodic  pijrophosphate,  V^O,^o^q.o^_,  separates  as 
a  crystalline  powder  when  alcohol  is  added  to  a  solution  of  the 
normal  pyrophosphate  in  acetic  acid.  It  may  be  boiled  with 
water  without  decomposition. 

JDipotassio  disodic  pyrophosphate,  PaOgKosTSTao,,  is  obtained  by  neutralising  a 
solution  of  the  acid  sodium  salt  with  potassic  carbonate.  It  forms  soluble  acicular 
crystals. 

c.  Bodic  mdapliosphate,  P02N'ao,  is  prepared  by  igniting  either 
dihydric  sodic  phosphate,  or  hydric  ammonic  sodic  phosphate, 
or  dihydric  disodic  pyrophosphate  (see  Metap)liosphates,  p.  388). 
According  to  the  temperature  to  which  the  substance  has  been 
heated  and  the  rate  of  cooling,  products  differing  widely  in  their 
properties,  but  all  possessing  the  same  percentage  composition,  are 
obtained.  When  the  substance  is  heated  to  redness  and  rapidly 
cooled,  the  product  is  a  vitreous  deliquescent  mass,  which  dissolves 
readily  in  water  and  remains  behind  on  evaporation  in  the  form  of 
an  uncrystallisable  gum.  If  the  cooling  has  been  effected  more 
slowly,  there  is  formed,  in  addition  to  the  uncrystallisable  salt,  a 
compound  which  is  deposited  from  the  solution  in  monoclinic 
prisms  of  the  formula  P02lSrao,20H2.  A  third  modification  is 
obtained  by  limiting  the  temperature  to  SIS*^.  On  extracting  with 
water,  an  almost  insoluble  metaphosphate  remains  as  a  white 
powder.  These  differences  are  supposed  to  depend  upon  polymeric 
modification  (see  p.  388). 

Sodio  arsenates. — The  sodic  arsenates  are  prepared  like  the  phosphates,  whicli 
they  also  resemble  in  properties.  Sodic  arsenate,  As0N'a03,12OH2,  is  very  Foluble 
in  water  and  is  conyerted  by  the  carbonic  anhydride  of  the  air  into  the  monohydric 
salt.  Hydric  disodic  arsenate,  AsOHoNaoo,  I2OH2,  closely  resembles  the  ciTre- 
sponding  phosphate,  crystallising  in  large  efflorescent  monoclinic  prims.  Like  tlie 
phosphate,  it  may  be  obtained  from  hot  solutions  in  non-efflorescent  crystals  with 
7  aq.  At  a  red  heat  it  parts  with  the  elements  of  water,  yielding  sodic  pyrarsenaie, 
As203lS'ao4,  which,  however,  cannot  exist  in  solution,  but,  in  contact  with  water,  at 
once  regenerates  hydric  disodic  arsenate.  Dihydric  sodic  arsenate,  AsOHooNao,OH;. 
obtained  by  adding  arsenic  acid  to  sodic  carbonate  till  the  solution  no  longer  jiro- 
cipitates  baric  chloride,  forms  large  soluble  rhombic  prisms. 

Sodic  antimonate. — When  a  solution  of  dihydric  dipotassic  pyrantimonate  is 
added  to  the  solution  of  a  sodium  salt,  a  granular  crystalline  precipitate  of  dihydric 
disodic  pyrantimonate,  Sb203Ho2Nao2,60H2,  is  produced.  This  salt  is  insoluble  in 
water. 

Sodic  antimonite. — A  solution  of  antimonious  anhydride  in  caustic  soda  deposits 
lustrous  rhombic  octahedra  of  sodic  metantimonite,  SbONao,30Il2,  almost  iusoluMe 
in  cold,  sparingly  soluble  in  boiling  water.  Very  concentrated  solutions  sometimes 
deposit  rhombic  prisms  of  dihydric  sodic  trimeiantimoniie,  Sb303Ho2Nao. 
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SoDic  BORATE.— The  metaborate,  BONao,40H2;is  prepared  by 
fusing  together  equal  molecules  of  boric  anhydride  and  sodic  car- 
bonate, or  by  boiling  a  solution  of  borax  with  the  necessary  quantity 
of  sodic  hydrate,  evaporating  to  a  syrup  and  allowing  to  crystallise 
over  sulphuric  acid.  It  forms  large  triclinic  crystals,  readily 
soluble  in  water.  The  solution  has  an  alkaline  reaction  and 
absorbs  carbonic  anhydride  from  the  air.  A  metaborate  with  2  aq. 
is  obtained  in  long  acicular  crystals  by  fusing  the  above  salt  in  its 
water  of  crystallisation  and  then  allowing  it  to  crystallise,  or  by 
crystallising  in  presence  of  a  large  excess  of  sodic  hjdvate.— Sodic 
tetraborate  (borax),  B^OgNao^.lOOH.  This  salt  occurs  in  the 
water  of  some  lakes  in  Thibet,  from  which  it  is  obtained  by 
evaporation  and  crystallisation.  The  natural  product,  known  as 
tincal,  formed  at  one  time  the  chief  supply  of  this  salt ;  but  at 
present,  most  of  the  borax  of  commerce  is  prepared  from  the  boric 
acid  obtained  from  the  lagoons  of  Tuscany  (p.  196).  The  boric 
acid  is  either  added  to  a  boiling  solution  of  sodic  carbonate,  or 
boric  acid  is  heated  with  half  its  weight  of  anhydrous  sodic  car- 
bonate in  a  reverberatory  furnace,  and  the  mass,  after  cooling, 
extracted  with  water.  The  salt  crystallises  in  monoclinic  prisms, 
soluble  in  14  parts  of  water  at  ordinary  temperatures  and  in  half 
their  weight  of  water  at  100°.  The  solution  has  an  alkaline 
reaction.  At  temperatures  above  60°,  borax  crystallises  from  con- 
centrated solutions  in  regular  octahedra  with  5  aq.  (octahedral 
borax).  When  heated,  borax  parts  with  its  water  of  crystallisation, 
intumescing  and  forming  a  porous  white  mass,  which,  at  a  higher 
temperature,  fuses  to  a  clear  glass.  In  a  state  of  fusion,  it  dissolves 
metallic  oxides,  with  many  of  which  it  yields  characteristically 
coloured  fluxes.  This  property,  which  depends  upon  the  presence 
of  an  excess  of  boric  anhydride  in  the  salt,  is  utilised  in  the  em- 
ployment of  borax  as  a  blowpipe  reagent.  It  is  also  used,  in 
soldering  oxidisable  metals,  to  dissolve  the  oxide  in  order  to 
expose  clean  metallic  surfaces.  Further  applications  are:  in 
various  metallurgical  operations  as  a  flux,  in  the  preparation  of 
enamels,  and  in  fixing  colours  on  porcelain. 

Sodic  xilicate,  SiONaOj.SOH.i,  is  prepared  by  dissolving  1  molecule  of  amor- 
phous silicic  anhydride  in  a  solution  of  2  molecules  of  sodic  hydrate,  evaporating  to  a 
syrup  and  cooling  by  means  of  a  freezing  mixture,  stirring  at  the  same  timo.  The 
salt,  after  being  purified  by  rccrystallisation,  forms  large  monoclinic  crystals,  very 
soluble  in  water.  Both  in  solution  and  in  the  dry  state  it  absorbs  carbonic  anhy- 
dride from  the  air,  undergoing  decomposition,  with  separation  of  amorphous  silicic 
acid.    Soluble  soda  glass  may  be  obtained  in  the  same  manner  as  the  potassium 

2  I  2 
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compound.    On  a  large  scale  it  is  prepared  bj  heating  together  100  parts  of  on«  . 
sand,  60  parts  of  anhydrous  sodic  sulphate,  and  15 'to  lo  parts  o   cW  Jd:  ^ 
Ihe  charcoal,  by  takmg  up  part  of  the  oxygen  of  the  sulphate,  facHita  L  2 
decomposition  of  this  salt  by  the  silicic  anhydride.    Soluble  soda  g  ass  is  eTllll 
as  a  cement,  xn  coating  buUding  stone  in  order  to  preserve  it  from  decraS 

COMPOUNDS  OF  SODIUM  WITS  SULPHUR  AND 
SYDROSULPHYL. 
Sodio  sulphide,  Sodic  polysulpMdes,  and  Sodio  sulphhyd^ate.~1he,e  compounds 
:LT:  —ponding  potassium  compounds,  .-hich  th;  '^^'^ 

SULPEO-SALTS  OF  SODIUM. 

pound     It  forms  large  colourless  monoclinic  prisms,  readily  soluble  in  water 

Sod^c  sulphaniimonate  {SchUppe's  salt),  SbS"Nas3,90H„  is  obtained  Uke  the 
potash  salt.  It  crystallises  in  large  pale  yellow  tetrahedra,  readily  soluble  in  boil^ 
ing  water.  Wlien  exposed  to  the  air,  the  crystals  undergo  superficial  decomposi- 
tion,  becoming  coated  with  a  reddish-brown  layer  of  antimonic  sulphide. 

COMPOUNDS  OF  SODIUM  WITH  NITROGFN  AND  HYDROGEN. 
Sodic  am/rfe,  NNaH^,  is  formed  when  sodium  is  gently  warmed  in  a  current  of 
dry  gaseous  ammonia.  The  sodium  fuses,  yielcUng  a  greenish-blue  Uquid,  which,  on 
cooling,  sohdifies  to  a  crystalline  mass,  whQst  the  colour  at  the  same  time  changes 
through  brown  and  olive-green,  to  a  flesh  tmt.  In  jjresence.of  moisture  and  under 
tiie  influence  of  heat  it  behaves  like  potassic  amide  (p.  470). 

General  Peopekties  and  Eeactions  of  the  Compounds  of 
Sodium.— The  salts  of  sodium  are  as  a  rule  more  soluble  than 
those  of  potassium.  The  only  insoluble  sodium  salt  is  the  di- 
hydric  disodic  pp-antimonate  (SbaOgHoaNaOj.eOHg)  (p.  482). 
Sodium  compounds  colour  the  nou-luminous  flame  an  intense 
yellow.  The  colour  is  invisible  when  a  piece  of  cobalt  glass  or  a 
solution  of  indigo  is  interposed  between  the  flame  and  the  eye. 
The  flame-spectrum  of  sodium  consists  of  a  double  line  in  the 
yellow,  coincident  with  D  in  the  solar  spectrum. 

LITHIUM,  Li^  ? 

Atomic  weight  =  7.    Prohable  molecular  weight  =  14.     Sp.  gr.  — 
0-59.    Fuses  at  Atomicity',    Eviclencc  of  atomicity 

Lithic  chloride   LiCl. 

Lithic  hydrate  (lithia)  ,   OLiH. 

History. — Litliic  hydi-ate  Avas  discovered  hy  Arfvedson  iu 
1817.    The  metal  was  fia;s.t  isolated  by  Buusen. 
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Omcrrence. — Lithium  is  a  constituent  of  several  rare  mdnierals, 
such  as  lepidoliie  (lithia  mica),  petalite,  spodumene,  and  triphyline. 
By  the  aid  of  spectrum  analysis,  lithium  has  been  shown  to  be 
very  widely  distributed:  thus  it  occurs  in  minute  C[uantities  in  the 
ashes  of  plants  and  in  many  mineral  waters. 

Preparation. — Metallic  lithium  cannot,  like  potassium  or 
sodium,  be  reduced  from  its  oxygen  compounds  by  heating  with 
charcoal.  It  is  obtained  by  the  electrolysis  of  the  fused  chloride. 
For  this  purpose  a  battery  power  of  five  or  six  Grove's  cells  is 
required.  The  positive  pole  is  of  hard  gas  coke,  the  evolved  chlo- 
rine having  no  action  upon  this  substance ;  for  the  negative  pole, 
an  iron  wire  is  employed.  A  globule  of  molten  metallic  lithium 
soon  forms  on  the  iron  wire  under  the  surface  of  the  fused  chloride. 
As  soon  as  this  globule  has  attained  the  size  of  a  pea,  it  is  lifted 
out  of  the  chloride  along  with  the  iron  wire  by  means  of  a  small 
iron  spoon,  a  coating  of  Hthic  chloride  protecting  it  from  instanta- 
neous oxidation,  and  is  allowed  to  cool  under  petroleum.  The 
globule  is  then  detached  from  the  wire  and  these  operations  are  re- 
peated until  a  sufficient  quantity  of  the  metal  has  been  obtained. 
The  globule  must  not  be  permitted  to  attain  too  great  a  size,  other- 
wise it  will  detach  itself  from  the  iron  wire  and  rise  to  the  surface 
of  the  fused  chloride,  where  it  generally  inflames. 

Properties. — Lithium  is  a  silver-white  metal,  harder  than  potas- 
sium or  sodium,  but  softer  than  lead.  It  has  a  sp.  gr.  of  0-59,  and 
is  thus  the  lightest  solid  known.  It  floats  on  petroleum.  It  is 
less  oxidisable  than  potassium  or  sodium,  but  speedily  tarnishes 
when  exposed  to  the  air.  Heated  in  air  to  a  temperature  con- 
siderably above  its  fusing-point,  it  inflames,  burning  with  an 
intense  white  light.  It  decomposes  water,  without  however  in- 
flaming, even  when  the  water  is  hot.  The  solution  contains  lithic 
hydrate,  LiHo. 

COMPOUNDS  OF  LITHIUM  WITH  THE  HALOGENS. 

These  compounds  are  prepared  by  dissolving  the  hydrate  or 
carbonate  in  the  corresponding  hydracid. 

LiTiiic  CHLORIDE,  LiCl,  Crystallises  in  anhydrous  octahedra, 
having  the  taste  of  common  salt.  At  temperatures  below  10°  it 
crystallises  with  2  aq.  It  is  deliquescent  and  readily  soluble  in 
alcohol  or  in  a  mixture  of  alcohol  and  ether,  by  which  means  it 
may  be  separated  from  the  other  chlorides  of  this  group.  It 
volatilises  below  a  red  heat. 


4S6 


INORGANIC  CHEMISTRY. 


Ziihic  iodide,  Lil.SOUs,  forma  very  deliquescent  needles. 

Lilhic  fluoride,  LiE,  crystalUses  in  smull  opaque  white  granular  crystals 
sparingly  soluble  in  water.  ' 

COMPOUNDS  OF  LITHIUM  WITH  OXYGEN  AND 

HYDBOXYL. 

LitUe  ox-lde,  OLu,  is  obtained  as  a  white  spongy  mass,  containing  a  certain 
quantity  of  a  higher  oxide,  by  burning  litliium  in  dry  oxygen. 

Lithic  hydrate  (Lithia),  LiHo,  is  prepared  Hke  the  hydrate  of 
potassium,  which  it  also  resembles  in  most  of  its  properties.  It  is 
however,  less  soluble  in  water  than  potassic  hydrate,  and  does  not 
deliquesce  when  exposed  to  the  air.  Fused  lithic  hydrate  corrodes 
platinum  powerfully,  and  should  therefore  always  be  prepared  iu 
a  silver  capsule. 

OXY-SALTS  OF  LITHIUM. 

These  are  for  the  most  part  obtained  by  neutralising  the  acid 
with  lithic  hydrate  or  carbonate. 

Lithic  nitrate,  NOjLio,  crystallises  at  15°  in  anhydrous  rhombohedra,  below  10° 
in  thin  prisms  of  the  formula  21ir02Lio,50Ha.  It  is  deliquescent  and  very  soluble 
in  water. 

roci 

Lithic  perchlorate,  \o     ,  is  a  deliquescent  salt,  readily  soluble  in  alcohol. 
LoLio 

Lithic  carbonate,  COLio2,  occurs  in  small  quantities  in  various 
mineral  waters.  It  is  prepared  by  precipitating  a  solution  of  lithic 
chloride  or  nitrate  with  potassic,  sodic,  or  ammonic  carbonate.  It 
is  thus  obtained  as  a  white  crystalline  powder,  sparingly  soluble  in 
cold  water.  The  solution  is  alkaline  and  deposits  the  salt  by  slow 
evaporation  in  small  prisms;  At  a  bright  red  heat  lithic  carbonate 
undergoes  partial  decomposition,  evolving  carbonic  anhydride. 
Owing  to  its  insolubility,  this  salt  is  frequently  employed  in 
separating  lithium  from  potassium  and  sodium. 

Lithic  .tulpliaie,  S02Lio2,OH2,  forms  flat,  monoclinic  prisms  or  tables,  readily 
soluble  in  water,  soluble  also  in  alcohol. 

Fotassio  lithic  sulphate,  S30(iK!o4Lio2. — Hexagonal  crystals. 

Lithic  dithionate,  -j^  gQ"^.°,20H2,  is  prepared  by  exactly  precipitating  a 

solution  of  baric  dithionate  with  lithic  sulphate  and  evaporating  the  resulting 
solution  of  lithic  dithionate  to  crystallisation.  It  forms  large  rhombic  crystals, 
readily  soluble  in  water  and  somewhat  deliquescent.    It  is  insoluble  in  alcohol. 

Litliic  'phosiliate,  2POLio3,OH2.  is  precipitated,  slowly  in  the 
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cold  instantaneously  on  heating,  when  hydric  disodic  phosphate  is 
added  to  a  solution  of  a  lithium  salt.    If  the  solution  is  rendered 
alkahne  by  the  addition  of  sodic  hydrate  or  carbonate,  the  precipi- 
tation of  the  lithium  is  complete.    Lithic  phosphate  forms  a  white 
crystaUine  powder,  very  sparingly  soluble  in  water  (1  part  oi  the 
sah  requires  2,500  parts  of  water  at  ordinary  temperatures  tor 
solution),  still  less  soluble  in  water  containing  ammonia.  When 
heated,  it  parts  with  its  water  of  crystallisation,  but  does  not  fuse, 
even  at  a  red  heat.    This  salt  is  employed  in  the  estimation  of 
mmm.—mhydTic  lithic  phosphate,  POHo^Lio,  is  formed  when 
either  the  preceding  salt,  or  lithic  carbonate,  is  dissolved  m  an 
excess  of  phosphoric  acid  and  the  solution  evaporated.  ^  It  is  thus 
obtained  in  large,  very  soluble,  dehquescent  crystals,  with  an  acid 
reaction. 

General  Propekties  and  Keactions  of  the  Compounds  of 
Lithium.— Lithium  is  distinguished  from  the  other  metals  of  the 
alkali  group  by  the  sparing  solubility  of  its  normal  carbonate  and 
phosphate  and  by  the  solubility  of  lithic  chloride  in  a  mixture  of 
alcohol  and  ether.  Lithium  compounds  colour  the  hon-lummous 
flame  carmine-red.  The  spectrum  of  lithium  displays  a  bright 
line  Li  a  in  the  red,  and  a  faint  line  Li/3  in  the  yeUow.  At  the 
temperature  of  the  oxyhydrogen  flame  a  brilliant  blue  line  makes 
its  appearance. 


RUBIDIUM,  Eb 


2 


? 


Atomic  weight  =  85-3.   Prohable  moUculcir  weight  =  170-6.   Sp.  gr 
1-52.    Fuses  at  38-5°.    Atomicity  '.    Evidence  of  atomicity : — 

Eubidic  chloride    KbCl. 

Eubidic  iodide   Uhl. 

EubicUc  hydrate    EbHo. 

History.— Unhidinm  was  discovered  in  1860  by  Bunsen  and 
Kirchhoff  with  the  aid  of  spectrum  analysis. 

Occurrence. — This  rare  metal  is  widely  distributed  in  nature, 
but  always  in  very  minute  quantity.  It  occurs  along  with  potas- 
sium in  many  minerals  (frequently  in  lepidolite),  in  the  ashes  of 
plants,  and  in  some  mineral  springs.  It  was  first  obtained  from 
the  water  of  a  spring  at  Diirkheim  in  Baden. 

Preparation. — 1.  Metallic  rubidium  may  be  obtained  by  the 
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dec^rdysis  of  the  fused  chloride  as  in  the  preparation  of  lithiuui 

2.  A  more  advantageous  process  consists  in  distilling  a  mix- 
ture  of  rubidic  carbonate  and  carbon  obtained  by  charring  rubidic 
tartrate,  as  in  the  corresponding  method  for  the  preparation  of 
potassium  (p.  45 6 j.  i  l 

_  Froperties.-nnhidinm  is  a  lustrous  white  metal,  with  a  yellow- 
ish tinge.  It  is  soft  like  wax,  even  at  -10°.  It  fuses  at  38-5° 
and  boils  below  a  red  heat,  yielding  a  greenish-blue  vapour" 
Exposed  to  the  air,  it  instantly  becomes  covered  with  a  bluish- 
grey  him  of  oxide  and  speedily  inflames  spontaneously.  It  burns 
with  vivid  incandescence,  in  chlorine  and  in  the  vapours  of  bromine' 
iodine,  sulphur,  and  arsenic.  In  contact  with  water  it  behaves 
like  potassium. 

COMPOUNDS  OF  RUBIDIUM. 

EUBIDIC  CHLORIDE,  EbCl,  Crystallises  in  transparent  colourless 
cubes  possessing  a  vitreous  lustre.  It  is  more  soluble  than  potassic 
chloride  (100  parts  of  water  at  T  dissolves  83  parts),  and  is  easil)- 
iusible  and  volatile.  It  forms  double  salts  with  other  metalhc 
chlorides.  The  most  important  of  these  double  chlorides  is  ruUdic 
plahmc  chloride  (PtCl„2RbCl),  which  is  even  less  soluble  than 
the  corresponding  potassium  compound,  and  is  employed  in  the 
S3paration  of  rubidium. 

Buhidic  bromide,  EbBr,  ciystallises  in  lustrous  cubes  witb  subordinate  octahedral 
faces,  and  is  soluble  in  its  own  weight  of  water  at  ordinary  temperatures. 

Itubidio  iodide,  Rbl,  resembles  the  bromide.  It  dissolves  in  0  7  part  of  water 
at  ordinary  temperatures. 

RuUdic  hydrate,  RbHo,  resembles  the  potassium  compound,  but  is  a  more 
powerful  base. 

Rubidic  nitrate,  SO^Woo,  forms  hexagonal  crystals,  soluble  in  2-3  parts  of  wat^r 
at  10°. 

Rubidic  chlorate,  |  '^^^^  .—This  salt  forms  small  prismatic  crystals,  soluble  in 
20 — ^25  parts  of  water  at  ordinary  temperatures. 

roci 

Rubidic  perehlorate,  \  O      ,  forms  small  hard  lustrous  rhombic  crystals.    It  is 
L  ORbo 

less  soluble  than  the  corresponding  potassium  salt,  1  part  of  the  salt  requiring 
92  parts  of  water  at  21°  for  its  solution. 

Buhidic  carbonate.— The  normal  salt,  CORbo2,OIl2,  forms  in- 
distinct crystals  with  a  strong  alkaline  reaction.  The  water  of 
crystallisation  is  expelled  by  heating.    It  is  readily  solulJe  in 
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water.  Exposed  to  the  air  it  deliquesces  and  absorbs  carbonic 
anliydride,  forming  the  acid  salt,  COHoKbo,  which  crystallises  in 
uon-deliquescent  prisms  with  a  vitreous  lustre. 

Eubidic  sulphate.— The  normal  salt,  SOaHboj,  crystallises  in  large,  hard,  rbombic 
crystals  with  a  ritreous  lustre,  more  soluble  in  water  than  the  potassium  salt.  The 
acid  salt,  SO^HoRbo,  forms  short  rhombic  prisms. 

Bubidic  dithionate,  j  sq-|r^°,  forms  hard,  hexagonal  crystals,  with  a  vitreous 
lustre. 

Eubidic  borate. — A  tetraborate  of  the  formula  B40sEbo2,60H2  is  known.  It 
forms  small  lustrous  crystals  belonging  to  the  rhombic  system. 


CiESIUM,  Cs2  ? 

Atomic  toeight  =  133.    Prohable  molecidao^  weight  =  266.    Sp.  gr. 
1-88.    Fuses  at  2^-b°.    Atomicity''.    Evidence  of  atoviicity  : — 

Csesic  chloride    CsCl. 

Csesic  hydrate    CsHo. 

History. — This  metal,  which  is  even  rarer  than  rubidium,  was 
discovered  simultaneously  with  the  latter  in  the  water  of  the 
Diirkheim  spring  by  Bunsen  and  Kirchhoff  in  1860. 

Occurrence. — The  rare  mineral  pollux,  which  occurs  in  the 
gi-anite  of  Elba,  is  a  silicate  of  aluminium,  sodium,  and  caesium, 
and  contains  32  per  cent,  of  the  latter  metal.  In  minute  traces 
csesium  is  found  in  a  variety  of  minerals  and  in  many  mineral 
springs. 

Preparation. — Metallic  caesium  cannot  be  obtained  by  the 
methods  usually  employed  in  the  isolation  of  the  alkali  metals. 
Heating  the  oxide  or  carbonate  with  charcoal  yields  no  result ; 
whilst,  in  the  electrolysis  of  the  fused  chloride,  the  reduced  metal 
immediately  acts  upon  the  undecomposed  chloride,  yielding  a  bhie 
compound  of  unknown  composition — possibly  a  subchloride.  If, 
however,  fused  cssic  cyanide,  Cs(CN'),  mixed  with  a  quarter  of 
its  weight  of  baric  cyanide,  Ba(C]Sr)2,  in  order  to  increase  the 
fusibility,  be  sxxbmitted  to  electrolysis,  pure  metallic  csesium  is 
obtained  in  coherent  masses. 

Properties. — Ctesium  is  a  lustrous  white  metal.  At  ordinary 
temperatures  it  is  soft.  It  fuses  at  26-5°.  When  exposed  to  the 
air  it  oxidises  rapidly,  and  finally  inflames  spontaneously.  Throwii 
on  to  water  it  behaves  like  potassium.  Csesium  is  the  most  electro- 
positive of  the  elements. 
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COMPOUNDS  OF  CJESIUM. 

Cm^io  CHLORIDE,  CsCl,  crystallises  in  indistinct  cubes  which 
are  very  soluble  and  deliquescent.  It  fuses  below  redness,  and  is 
more  easily  volatilised  than  potassic  chloride.  When  heated  in 
moist  air  It  is  partially  converted  into  hydrate.  It  forms  double 
rSvfnrn  ^\^\oxid^^.      Ccsic  antimonious  chloride 

(&DU3,CsGl)  is  obtained  as  a  white  crystaUine  precipitate  by  the 
addition   oi    antimonious    chloride    dissolved   in  hydi-ochloric 

(ir'tU„2CsCl)  forms  a  yellow  crystaUine  precipitate,  even  less 
soluble  than  the  corresponding  rubidium  salt. 

hj^^te"  crystalline  substance  resembling  potassic 

Ccesic  nitrate,  NO.Cso,  crystallises  in  hexagonal  prisms,  and  is  less  soluble  iu 
water  than  the  jiotassium  salt. 

Cmsic  carbonate.-Both  the  normal  and  the  acid  carbonate  resemble  in  almost 
every  respect  the  rubidium  salts.    The  normal  carbonate  is  soluble  in  alcohol 

Cce.nc  sulphaLe.-'I^ho  normal  salt,  SOXso,,  forms  prismatic  crystals,  very 
soluble  m  water.  S^dric  ccesic  sulphate,  SOoHoCso,  crystallises  in  smaU  rhombic 
prisms. 

General  Properties  and  Eeactions  of  the  Compounds  of 
EtiBiDiUM  and  cesium.— The  salts  of  rubidium  and  ctesium 
cannot  be  distinguished  from  those  of  potassium  by  the  ordinary 
chemical  tests.  Like  these  they  yield  precipitates  with  j^laiinic 
chloride  and  tartaric  acid.  CcT,sic  platinic  chloride  (PtCl4,2CsCl) 
is  more  diiScultly  soluble  in  boiling  water  than  rubidic  platinic 
chloride  (PtCl4,2RbCl),  and  this  again  is  more  difficultly  soluble 
than  the  potassium  compound.  In  this  way  a  separation  of  the 
three  metals  may  be  effected.  Cesium  may  also  be  separated 
from  rubidium  by  the  solubility  of  its  normal  carbonate  in  alcohol. 
The  flame  colorations  of  the  caesium  and  rubidium  compounds 
resemble  closely  that  of  potassium.  By  means  of  the  characteristic 
spectra,  however,  the  compounds  of  the  three  metals  may  be 
readily  distinguished.  The  spectrum  of  rubidium  consists  of  two 
lines,  Eba  and  Eb/3,  in  the  violet,  and  two  lines,  EbS  and  Eb7,  in 
the  red,  together  with  other  fainter  lines.  The  most  characteristic- 
lines  in  the  spectrum  of  caesium  are  Csa  and  Cs/3  in  the  blue. 
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THE  AMMONIUM  SALTS. 

The  hypothetical  radical  ammonium  j^jjjj^  already  been 
referred  to  (p.  249)  in  connection  with  the  compounds  of  nitrogen. 
Its  salts  closely  resemble  those  of  the  alkalies,  and  may  therefore 
be  appropriately  treated  of  at  this  point. 

COMPOUNDS  OF  AMMONIUM  WITH  TEE  HALOGENS. 

Ammonic  chloride,  NH4CI.— This  compound  occurs  in  small 
quantities  in  the  neighbourhood  of  volcanoes,  being  generally 
formed  when  lava  flows  over  fertile  land.    The  nitrogenous  vege- 
table matter,  thus  subjected  to  a  destructive  distillation,  furnishes 
ammonia,  the  latter  combining  with  the  hydrochloric  acid  which 
is  almost  always  present  in  volcanic  gases.    Ammonic  chloride  is 
prepared  by  neutralising  the  ammoniacal  liquor  from  the  gas- 
^yorks — the  ammonia  being  in  this  case  a  product  of  the  destruc- 
tive distillation  of  fossil  vegetable  matter — v/ith  hydrochloric  acid, 
and  purifying  the  crude  ammonic  chloride  by  crystallisation  and 
sublimation.    The  aqueous  portion  of  the  distillate  obtained  in  the 
preparation  of  animal  charcoal  from  bones  is  also  very  rich  in 
ammonia,  and  serves  as  a  source  of  the  chloride.  Ammonic  chloride 
crystallises  from  water  in  small  indistinct  octahedra  or  cubes,  which 
are  generally  grouped  in  fern-shaped  aggregations.    When  heated, 
it  does  not  fuse,  but  sublimes,  undergoing  dissociation  into  ammonia 
and  hydrochloric  acid,  which  again  unite  as  the  temperature  falls. 
When  sublimed  in  large  quantities,  it  forms  semi-transparent,  tough, 
fibrous  masses.     Dissociation  also  takes  place  when  a  neutral 
solution  of  the  salt  is  boiled  :  a  small  quantity  of  ammonia  passes 
off  with  the  steam,  and  free  hydrochloric  acid  is  found  in  the 
solution.    In  presence  of  an  excess  of  hydrochloric  acid  this  dis- 
sociation does  not  occur,  and  solutions  of  ammonic  chloride  may 
be  evaporated  at  100°  without  loss.    Ammonic  chloride  is  soluble 
in  2^  parts  of  water  at  ordinary  temperatures  and  in  its  own 
weiglit  of  water  at  100°.     Absolute  alcohol  does  not  dissolve  it. 
Ammonic  chloride  forms   double  salts   with  various  metallic 
clilorides :  ammonic  platinic  cJdoride,  PtCl4,2NH^Cl,  crystallises  in 
minute  octahedra,  almost  insoluble  in  water,  and  insoluble  in  a 
niixture  of  alcohol  and  ether.     This  double  salt,  which  closely 
resembles  the  corresponding  potassium  compound,  is  employed  in 
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the  quantitative  determination  of  ammonia.    Wlien  heated  th. 
double  salt  is  decomposed,  platinum  being  left  behinTin  the  fi^ 
divided  condition  in  which  it  is  known  as  spon^v  platinum 
Ammonic  chloride  has  numerous  uses.  It  is  employed^fn  medire 
n  dyeing,  m  soldering  and  tinning-in  which  last  processes  it  serves' 
to  produce  a  clean  metaRic  surface,  either  by  redudng  the  oxides  I 
a  high  temperature,  or  by  converting  them  into  fusible  chlorkles-1 
in  the  preparation  of  ammonia  and  ammonic  carbonate,  as  a  labo- 
ratory reagent,  and  as  a  manure. 

Ammonic  bromide,  NH,Br.-This  compound  is  prepared  by  th. 
direct  union  of  hydrobromic  acid  with  ammonia,  or  by  the  addition 
ot  bromine  to  aqueous  ammonia,  nitrogen  being  evolved  in  the 
latter  reaction : — 

4NH3    +    3Br    =    SNH^Br    +  K 

Ammonia.  Ammonic  bromide. 

It  crystallises  in  colourless  cubes,  readily  soluble  in  water,  less 
soluble  m  alcohol.  The  crystals  become  moist  in  contact  with  the 
air  and  assume  a  yellow  colour,  owing  to  the  separation  of  bromine 
It  sublimes  without  fusing. 

Am7nonic  iodide,  NH,I.— This  salt  is  prepared  by  the  direct 
union  of  ammonia  and  hydriodic  acid,  or  more  conveniently  by 
adding  to  a  hot  saturated  solution  of  potassic  iodide  the  equivalent 
quantity  of  ammonic  sulphate,  precipitating  the  potassic  sulphate 
with  alcohol,  and  evaporating  the  solution.  It  crystallises  in 
colourless  cubes,  readily  soluble  in  water  and  in  alcolioL  It  may 
be  sublimed  in  an  atmosphere  free  from  oxygen.  Exposed  to  the 
air,  it  assumes  a  yellow  colour,  due  to  the  liberation  of  iodine. 
Ammonic  iodide  is  employed  in  photography. 

Ammonic  fluoride,  NH^F,  is  obtained  by  evaporating  a  solution 
of  hydrofluoric  acid  supersaturated  with  ammonia  and  kept  alka- 
line with  ammonia  during  the  evaporation,  or  by  heating  in  a 
platinum  vessel  a  mixture  of  1  part  of  ammonic  cliloride  with 
2^  parts  of  sodic  fluoride,  when  the  ammonic  fluoride  sublimes  and 
condenses  in  crystals  on  the  cooled  lid  of  the  vessel.  It  crystal- 
lises in  colourless  hexagonal  prisms  or  laminte,  deliquescent  in 
moist  air,  readily  soluble  in  water,  sparingly  soluble  in  alcohol. 
On  evaporation,  the  neutral  aqueous  solution  gives  olT  ammonia 
and  yields  rhombic  prisms  of  liydric  ammonic  fluoride,  NH^F.HF. 
Dry  ammonic  fluoride  absorbs  gaseous  ammonia,  which  it  again 
parts  witli  on  heating.    The  dry  salt  decomposes  silicates  when 
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heated  with  them.  Ammonic  fluoride  is  employed  in  etcliing 
-lass.  Ammonic  siUcofluoride,  Sir6(NHj2,  is  readily  soluble  in 
water. 

COMPOUND  WITE  EYDBOXYL. 

Ammonic  hydrate,  NH^Ho. — This  compound  has  not  been 
isolated,  but  may  be  considered  to  exist  in  the  aqueous  solution  of 
ammonia,  which  is  powerfully  alkaline,  slightly  caustic,  and  pos- 
sesses the  other  properties  of  the  solutions  of  the  alkaline  hydrates.* 
On  evaporation  the  ammonic  hydrate  undergoes  dissociation  into 
ammonia  and  water :  NH^Ho  =  NH3  +  OHj.  (For  the  other 
properties  of  aqueous  ammonia,  see  p.  245.) 

Ammonic  oxide,  0(^''ll^^,  is  unknown. 

OXY-SALTS  OF  AMMONIUM. 

These  are,  as  a  rule,  prepared  by  neutralising  aqueous  ammonia 
or  ammonic  carbonate  with  the  oxy-acid.  Special  methods  will  be 
described  under  the  corresponding  salts. 

Ammonic  nitrate,  N02(N^H40),  or  NOgAmo,  forms  six-sided 
prisms  belonging  to  the  rhombic  system.  It  dissolves  in  about 
half  its  weight  of  water  at  18°,  with  great  absorption  of  heat.  In 
moist  air  it  dehquesces,  at  the  same  time  losing  ammonia  and 
becoming  acid.  When  heated,  it  is  decomposed  into  nitrous  oxide 
and  water  (p.  231).  At  low  temperatures  it  absorbs  gaseous 
ammonia  with  great  avidity,  taking  up  at  —  10°  two  molecules  of 
ammonia,  and  yielding  a  compound  of  the  formula  N(]Sril2)2Ho2Amo. 
This  substance  is  a  colourless  liquid  of  sp.  gr.  1-05,  which  does 
not  solidify  at  —18°.  As  the  temperature  rises  this  compound 
dissociates,  till  at  28*5°  it  parts  with  one  molecule  of  ammonia, 
and  is  converted  into  a  white  crystalline  mass,  of  the  formula 
NO(NIl2)IIoAmo.  This  substance  also  suffers  dissociation  as  the 
temperature  rises,  giving  off  ammonia  and  yielding  at  80°  pure 
ammonic  nitrate. 

Ammonic  nitrite,  NOAmo,  is  formed  in  small  quantity  when 
phosphorus  undergoes  slow  oxidation  in  contact  with  moist  air ; 

*  Kolilrausch,  howeyer,  finds  that,  whereas  the  ammonium  salts,  when  in  soli  - 
tion,  possess  the  same  electrolytic  conductivity  as  the  corresponding  2-*ot^ssiuni 
salts,  aqueous  ammonia  is  a  bad  conductor  of  the  current,  whilst  a  solution  of 
potassic  hydrate  conducts  the  cun-ent  well.  From  tliis  he  concludes  that  an 
aqueous  solution  of  ammonia  contains  little  or  no  ammonic  lijdrute. 
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also  during  the  combustion  of  hydrogen  or  hydrogenous  substances 
in  air,  and  by  the  action  of  ozone  on  dilute  ammonia.  It  may  be 
obtained  in  crystals  by  passing  simultaneously  ammonia,  nitric 
oxide  and  oxygen,  into  a  dry  flask.  It  is  most  easily  prepared  by 
the  double  decomposition  of  argentic  nitrite  with  ammonic  chloride 
or  of  baric  nitrite  with  ammonic  sulphate,  the  solution  obtained 
by  either  of  these  methods  being  filtered  from  the  insoluble  pre- 
cipitate and  evaporated  in  a  desiccator  over  quicklime.  Thus 
obtained  it  forms  a  crystalline,  very  soluble  mass.  It  decomposes 
slowly  at  ordinary  temperatures  into  nitrogen  and  water  (p.  2221 
When  heated  to  60—70°  or  when  struck,  it  detonates.  In  con'-' 
centrated  aqueous  solution  it  undergoes  rapid  decomposition,  the 
process  being  accelerated  by  heat  and  retarded  by  dilution. 

Ammonic  chlorate,  |  q^^^,  is  prepared  by  neutralising  chloric  acid  with  am- 
monia or  ammonic  carbonate,  or  by  the  double  decomposition  of  ammonic  silico- 
fluoride  with  potassic  chlorate,  filtering  from  the  insoluble  potassic  sihcofluoride 
and  evaporating  over  sulphuric  acid.  It  crystallises  in  colourless  prisms  or  slender 
needles,  readily  soluble  in  water  or  alcohol.  When  dry  the  crystals  turn  yellow  and 
frequently  explode  spontaneously  witli  great  violence.  This  explosive  decomposition 
takes  place  at  once  on  heating  to  somewhat  above  100°.  The  aqueous  solution  on 
boiling  evolves  nitrogen  and  chlorine. 

roci 

Ammonic  percUorate,  \  O     . — Large  rhombic  crystals,  soluble  in  5  parts  of 
[  OAmo 

water. 

Ammonic  hromate,  |  Q^^-,p,  forms  white  needles  or  ci^stalline  granules.  The 

dry  salt  explodes  spontaneously  like  the  chlorate. 

Ammonic  iodate,  |  q^j^^q- — Lustrous  quadratic  crystals,  soluble  in  38  parts  of 

water  at  ordinary  temperatures  and  in  6-9  parts  of  boiling  water.  At  150°  it 
decomposes  with  a  hissing  noise,  yielding  equal  volumes  of  oxygen  and  niti'ogen, 
together  with  iodine  and  water. 

Ammonic  carbonate  : — 

Normal  ammonic  carbonate,  COAmOj. — This  salt  is  deposited 
as  a  crystalline  powder  when  a  concentrated  solution  of  the  sesqui- 
carbonate  (vide  infrct)  is  saturated  with  gaseous  ammonia,  and  in 
large  tabular  crystaLs  when  a  hot  solution  of  the  sesquicarbouate 
in  dilute  aqueous  ammonia  is  allowed  to  cool.  It  is  a  very  un- 
stable salt.  When  exposed  to  the  air  it  rapidly  parts  with 
ammonia  and  is  converted  into  hydric  ammonic  carbonate, 
COHoAmo.  It  dissociates  completely  at  58°  into  carbonic  anhy- 
dride, ammonia  and  water.  It  is  soluble  at  ordinary  temperatures  in 
its  own  weiglit  of  water,  but  only  sparingly  soluble  in  concentrated 
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ammonia— ^yfj'ric  ammonic  carhonate,  COHoAmo,  occurs  in  a 
crystallised  form  in  guano  beds.  It  may  be  obtained  from  the 
commercial  sesquicarbonate  either  by  exposing  the  latter  salt  to 
the  air,  when  it  parts  with  ammonia,  yielding  the  acid  carbonate  ; 
or  by  treating  the  sesquicarbonate  with  a  small  quantity  of  water, 
which  dissolves  the  normal  carbonate,  leaving  the  acid  carbonate. 
It  is  also  deposited  when  a  concentrated  solution  of  the  sesquicar- 
bonate is  exposed  to  a  low  temperature,  or  is  mixed  with  alcohol, 
or  is  saturated  with  carbonic  anhydride.  It  crystallises  in  hard 
lustrous  rhombic  prisms.  It  sublimes  at  60 — 65°.  It  dissolves  in 
about  8  parts  of  water  at  ordinary  temperatures.  The  solution 
slowly  evolves  carbonic  anhydride  and  becomes  ammoniacal.  This 
decomposition  is  very  rapid  above  36°,  the  liquid  effervescing 
when  warmed.  It  is  insoluble  in  alcohol,  but  on  long  standing 
under  alcohol  dissolves  as  normal  carbonate,  with  evolution  of 
carbonic  anhydride. 

Ammonic  sesquicarbonate,  COAmo2,2COIIoAm.o. — This  salt  is 
prepared  on  a  large  scale  by  heating  ammonic  chloride  or  sulphate 
with  calcic  carbonate,  when  the  sesquicarbonate  sublimes.  It 
forms  a  translucent,  crystalline  mass,  which  is  xisually  coated  with 
an  opaque  layer  of  the  acid  carbonate.  Its  composition  varies, 
generally  approximating  however  to  the  above  formula.  It  has  an 
ammoniacal  odour,  and  is  gradually  converted  by  exposure  to  air 
into  the  acid  salt. 

Ammonic  sulphate: — 

Ammonic  sulphate,  S02Amo2,  is  found  native  as  mascagninc. 
It  is  prepared  on  a  large  scale  by  passing  the  ammonia  from  the 
ammoniacal  liquors  of  the  gasworks  into  sulphuric  acid.  It 
forms  colourless  rhombic  crystals,  isomorphous  with  the  potassium 
salt.  It  is  soluble  in  twice  its  weight  of  cold,  in  its  own  weight  of 
boiling,  water;  insoluble  in  alcohol.  It  fuses  at  140°,  and  above 
280°  is  decomposed  into  ammonia,  nitrogen,  water  and  ammonic 
sulphite,  the  latter  subliming.  —  Hydric  ammonic  sulphate, 
S02HoAmo,  crystallises  from  a  solution  of  the  normal  salt  in  con- 
centrated sulphuric  acid  in  deliquescent  thin  rhombic  crystals.  It 
is  soluble  in  its  own  weight  of  cold  water,  also  in  alcohol. 

Ammonic  sulpha,te  is  employed  in  the  manufacture  of  ammonia- 
alum  ;  also  as  a  manure. 

Ammonic  potaisic  sulphate,  S02AmoKo,  is  obtained  by  evaporating  a  solution  of 
molecular  quantities  of  ammonic  and  potassic  sulphates.  It  crystallises  in  lustrous 
scales, 
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Ammomc  sodic  sulphate,  SO,AnioNao,20tt„  is  prepared  like  the  foregoine  T^ 
IS  also  deposited  in  crystals  whea  mixed  solutions  of  sodic  sulphate  and  amSont 
chloride,  or  of  sodic  chloride  and  ammonic  sulphate,  are  evaporated.    The  salt 
permanent  in  air.  " 

Arnmonia  sulpMte,  aOArno,,om_,  is  obtained  by  neutraUsing  an  aqueous  solutio,, 
ot  sulphurous  anhydride  with  ammonia,  and  then  adding  alcohol.    The  salt  sel 
rates  ni  monoclinic  crystals,  reacUly  soluble  in  water.    By  exposure  to  the  air  it  ' 
oxidised  to  ammonic  sulphate.    When  a  solution  of  this  salt  is  saturated  with  su 
phurous  anhydride  and  evaporated  over  sulphuric  acid,  it  deposits  crystals,  not  of 

the  acid  salt,  but  of  ammonic  pyrosulpMte,  \  O  This  salt  evolves  sulphur- 

L  SOAmo 

ous  anhydride  when  exposed  to  the  air,  at  the  same  time  undergoing  oxidation  to 
a:amomc  sulphate.  °  o 

Ammonic  ditUonate,  {l^^^,OJl,,  is  obtained  by  the  double  decomposition 
of  baric  dithiouate  with  ammonic  sulphate.  It  forms  colourless  capillary  crystals 
very  soluble  in  water,  insoluble  in  alcohol.  i.       j     j  , 

Ammonic  thiosulphate  {Ammonic  hyposulpMte) ,  SSO^AmoAms.OH^,  is  prepared 
by  decomposing  calcic  thiosulphate  with  ammonic  carbonate.  It  forms  deUquescent 
very  soluble  acicular  crystals  or  rhombic  plates. 

Ammonic  phosphate: — 

a.  Ammonic  phosphate,  POAmo3,30H2,  occurs  sometimes  in 
guano.    It  is  formed  when  a  concentrated  solution  of  hydric  diam- 
monic  phosphate  is  mixed  with  ammonia,  and  is  deposited  in  small 
prismatic  or  acicular  crystals,  which  when  exposed  to  the  air  part 
with  ammonia,  yielding  hydric  diammonic  pliosphate.  When 
boiled  for  some  time  in  aqueous  solution,  it  is  converted  into 
dihydric  ammonic  phosphate.  When  strongly  heated,  it  yields,  like 
all  the  other  ammonic  phosphates,  metaphosphoric  a.cid.—H'ijdric 
diammonic  phosphate,  POHoAmo2,  is  prepared  by  evaporating  an 
ammoniacal  solution  of  phosphoric  acid,  care  being  taken  to  keep 
the  ammonia  slightly  in  excess  during  the  process.    It  forms  large 
colourless  monoclinic  crystals,  soluble  in  4  parts  of  cold,  more 
readily  in  boiling,  water ;  insoluble  in  alcohol.    Exposed  to  the  air 
it  gradually  parts  with  ammonia.— Z't'Ayc^nc  ammonic  phosplmtc, 
POHogAmo,  is  prepared  by  adding  phosphoric  acid  to  ammonia 
till  the  solution  is  strongly  acid  and  no  longer  precipitates  baric 
chloride,  and  evaporating  to  the  crystallising  point ;  or  by  boiling 
a  solution  of  the  monohydric  salt.    It  crystallises  in  quadratic 
octahedra,  which  are  permanent  in  air.  It  is  somewhat  less  soluble 
than  the  foretroincf  salt. 

Hydric  ammonic  sodic  phosphate  (Microcos^nic  salt), 
POHoAmoNao,40H2.— 
This  salt  occurs  in  guano  and  in  putrid  urine.    It  is  prepared  by 
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dissolving  6  parts  of  hydric  disodic  phosphate  and  1  part  of 
ammonic  chloride  in  2  parts  of  boiling  water,  and  allowing  the 
liquid  to  cool.  It  forms  large  colourless  monoclinic  prisms,  very 
soluble  in  water,  yielding  a  solution  which  gives  off  a  portion  of 
its  ammonia  on  evaporation.  It  fuses  easily,  water  and  ammonia 
being  expelled,  and  sodic  metaphosphate  left.  Microcosmic  salt  is 
employed  in  the  laboratory  as  a  blowpipe  reagent,  the  sodic  meta- 
phosphate, which  remains  on  heating  it,  possessing  the  property  of 
dissolving  various  metallic  oxides  at  a  high  temperature  to  yield 
characteristically  coloured  fluxes  or  glasses. 

Diammonie  sodic  phosphate,  POAmo2Nao,40Il2,  separates  in  lustrous  wliite 
pearly  laminae  -when  strong  ammonia  is  added  to  a  cold  saturated  solution  of  the 
foregoing.    It  evolves  ammonia  when  exposed  to  the  air,  and  is  converted  into 
'    hydric  ammonic  sodic  phosphate. 

l.  Ammonic  pyrophosphate,  PgOgAmo^,  separates  in  small 
acicular  laminjB  when  alcohol  is  added  to  a  solution  of  pyrophos- 
phoric  acid  supersaturated  with  ammonia.  Its  solution  gives  off 
ammonia  when  boiled,  yielding  dihydric  diammonie  pyrophosphate, 
P203lIo2Amo2,  which  may  be  precipitated  from  its  solution  by  the 
addition  of  alcohol  as  a  syrupy  mass,  becoming  crystalline  on 
standing. 

c.  Ammonic  metaphosphates  are  also  known. 

Ammonic  horate. — The  normal  salt  has  not  been  prepared.  Diammonie  tetra- 
horate,  B405Amo2,40H2,  crystallises  from  a  solution  of  boric  acid  in  warm  concen- 
trated ammonia  in  quadratic  crystals,  which  give  ofE  ammonia  when  exposed  to  the 
air.    When  this  salt  is  dissolved  in  water  and  the  solution  evaporated  by  heat, 

I    colourless  transparent  rhombic  crystals  of  hydric  ammonic  tetraborate, 

I  B40j,HoAmo,30H3, 

j    are  deposited  on  cooling. 

COMPOUNDS  OF  AMMONIUM  WITH  SULPEUR  AND  STDRO- 

SULPRYL. 

I  Ammonic  sulphide,  SAm2,  is  obtained  in  lustrous  crystals  by  the  union  of 
2  volumes  of  ammonia  with  1  volume  of  sulphuretted  hydrogen  at  a  tem^jerature  of 
— 18  .  Above  this  temperatiire  it  dissociates,  evolving  ammonia,  and  yielding 
ammonic  sulphhydrate,  AmHs. 

Ammonic  sulphhydrate,  AmHs,  is  formed  by  the  direct  union 
of  equal  volumes  of  ammonia  and  sulphuretted  hydrogen  at  ordi- 
nary temperatures.  It  is  best  prepared  by  passing  sulphuretted 
hydrogen  into  alcoholic  ammonia,  when  the  sulphhydrate  separates 
out  in  a  crystalline  form.  The  aqueous  solution  employed  as  a 
laboratory  reagent  is  obtained  by  saturating  aqueous  ammonia  with 
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sulphuretted  hydrogen.  Ammonic  sulphhydrate  forms  large  colour 
less  lamina.  It  volatiJises  readily,  with  dissociation  into  ammonia 
and  sulphuretted  hydrogen,  which  reunite  on  cooling.  It  becomes 
yeUow,  both  in  the  solid  state  and  in  solution,  when^exposed  to  the 
air,  owing  to  the  formation  of  polysulphides  of  ammonium  The 
solution  precipitates  many  metals  in  the  form  of  sulphides  from 
the  solutions  of  theii-  salts,  and  dissolves  sulphur  to  form  ammo- 
nic polysulphides. 

Ammonia  pentasul^Ude,  Am^Sj,  is  prepared  by  alternately  passing  ammonia  and 
sulphuretted  hydrogen  into  a  mixture  of  ammonic  sulphhydrate  and  flowers  of 
sulphur  until  the  liquid  solidifies  on  cooling.  The  mixture  is  then  heated  to  50° 
and  aUowed  to  cool  with  exclusion  of  air,  when  the  pentasulphide  is  deposited  in 
orange-yellow  rhombic  prisms.  Water  decomposes  them  with  precipitation  of  plastic 
sulphur. 

Ammonic  heptasulpMde,  AmS^,  is  formed  by  the  spontaneous  decomposition  of 
the  foregoing  compound  in  presence  of  aLr :  

3(NH4)A    =    2(NH,).,S,    +    NH3    +  NH.Hs. 
Ammonic  Ammonic       Ammonia.  Ammonic 

pentasulphide.     heptasulphide.  sulphhydrate. 

It  forms  ruby-red  crystals,  which  are  not  decomposed  by  heat  below  300°,  but  are 
slowly  decomposed  by  water. 

General  Properties  and  Eeactions  of  the  Ammonium 
Salts. — The  ammonium  salts  are  aU  volatile— some  with  decom- 
position, others  with  dissociation,  in  which  last  case  the  dissociated 
constituents  recombine  on  cooling  to  form  the  original  salt,  as  in 
the  case  of  ammonic  chloride  (p.  39).  Ammonium  salts  yield 
Vidth  platinic  chloride  and  with  tartaric  acid  precipitates  closely 
resembling  those  obtained  with  potassium  salts ;  ammonic  platinic 
chloride  (PtCl4,2NH4Cl),  however,  leaves  only  a  residue  of  spongy 
platinum  on  ignition.  All  ammonium  salts,  when  warmed  with 
calcic  hydrate,  or  with  concentrated  caustic  potash  or  caustic  soda, 
evolve  gaseous  ammonia,  which  may  generally  be  recognised  by 
its  characteristic  smell,  or  in  case  the  quantity  is  very  minute,  by 
the  white  fumes  of  ammonic  chloride  which  are  formed  when  a 
glass  rod  moistened  with  hydrochloric  acid  is  held  over  the  mix- 
ture. The  smallest  trace  of  ammonia  in  aqueous  solution  may  be 
detected  by  means  of  a  solution  of  mercuric  iodide  in  a  mixture  of 
potassic  iodide  and  caustic  potash  (Nessler's  reagent),  with  whicli 
it  yields  a  brown  coloration,  or,  if  present  in  larger  quantity,  a 
brown  precipitate,  of  NHg"(Hg"Ho)HI.  This  reaction  does  not 
occur  in  presence  of  alkaline  sulphides  or  cyanides. 
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MONAD  METALS. 

Section  IV. 

SILVER,  Ag2? 

Atomic  toeight  =  107-7.  Probable  molecular  weight  =  215-4. 
Sp.  gr.  10-57.  Fuses  at  1040.°  Atomicity  '.  Evidence  of 
Atomicity : — 

Argentic  chloride   AgCl. 

Argentic  iodide   Agl. 

Argentic  oxide   OAgg. 

Histor-ij. — This  metal  has  been  known  from  the  earliest  times. 

Occurrence. — Silver  occurs  native,  occasionally  in  large  masses. 
Native  silver  is  rarely  pure :  it  contains  gold,  copper,  and  other 
metals.  In  combination,  silver  occurs  as  argentic  sulphide  in  silver 
glance  (SAg2) ;  as  sulphantimonite  in  pyrargyrite  or  darJc-red  silver 
ore  (SbAgSg);  as  chloride  in  herargyrite  or  horn  silver  (AgCl). 
The  bromide,  iodide,  telluride,  antimonide,  and  arsenide  are  rare 
minerals.  Galena,  or  plumbic  sulphide,  the  commonest  form  of 
lead- ore,  generally  contains  small  quantities  of  silver.  Silver  also 
occurs  in  minute  traces  in  sea- water. 

Extraction. — Although  silver  is  very  readily  reducible  from  its 
compounds  (the  mere  application  of  heat  being  generally  sufficient 
for  this  purpose),  yet  the  extraction  of  silver  from  its  ores  is  a 
matter  of  considerable  practical  difficulty.  The  ores  of  silver  are 
frequently  mixed  with  earthy  impurities,  from  which  they  cannot 
be  mechanically  separated,  or  they  occur  along  with  the  ores  of 
other  metals,  which  are  apt  to  undergo  reduction  at  the  same  time, 
and  thus  contaminate  the  product.  The  process  of  extraction 
varies  with  the  nature  of  the  ore ;  but  the  methods  employed  may 
be  divided  into  three  classes  accordimig  as  they  depend  upon  cupel- 
lation,  upon  amalgamation,  or  upon  reactions  in  the  wet  way. 

a.  Cupellation  Process. — This  process  is  employed  in  sejjarating 
silver  from  lead.  The  aUoy  of  silver  and  lead,  obtained  from 
argentiferous  lead-ores,  is  fused  in  a  reverberatory  furnace,  the 
hearth  of  which  is  composed  of  burnt  clay.  Over  the  molten 
metal,  which  rests  upon  the  concave  surface  of  tliis  hearth  or  cupel, 
a  rapid  current  of  air  is  blown.  The  lead  is  thus  oxidised,  and 
the  fused  oxide  escapes  by  flowing  off  through  lateral  openings  in 
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the  liearth,  whilst  the  silver  remains  iu  the  cupel.  At  iirst  the 
fused  oxide  flows  off-  in  large  quantity,  but  towards  the  end  of  the 
operation  it  forms  thin  films  upon  the  surface  of  the  silver  exhibit 
ing  tlie  colours  of  Newton's  rings.  At  last,  as  the  film  of  oxide 
finally  disappears,  the  bright  surface  of  the  sHver  is  perceived 
This  phenomenon  is  known  as  the  "fulguration"  of  the  metal.  The 
removal  of  the  oxide  is  aided  by  skimming. 

When  the  .  lead  is  sufficiently  rich  in  Silver,  it  is  cupeUed  at 
once ;  but  if  the  silver  is  present  in  a  proportion  less  than  one- 
tenth  of  a  per  cent.,  the  lead  is  subjected  to  a  preliminary  process 
which  has  for  its  object  the  concentration  of  the  silver  in  a  rela- 
tively small  portion  of  the  lead.  In  this  process,  invented  by 
Pattmson,  the  metal  is  fused  in  iron  pots  and  allowed  to  cool 
slowly.  As  soon  as  the  temperature  has  sufficiently  fallen,  crystals 
of  pure  lead  are  formed;  these  are  constantly  removed  by  means 
of  perforated  ladles,  and  this  is  continued  till  the  lead  in  the  pot 
has  been  reduced  in  quantity  by  about  two-thirds.  In  this  way 
the  greater  part  of  the  silver  is  left  behind  in  the  pot,  and  by 
systematic  recrystallisation,  pure  and  nearly  desilverised  lead  on 
the  one  hand,  and  a  lead  very  rich  in  silver  on  the  other,  may  be 
obtained.    The  rich  lead  is  cupelled  as  above  described. 

Instead  of  treating  the  lead  by  Pattin son's  process,  it  may  be 
fused,  and  zinc,  in  the  proportion  of  11-2  lbs.  for  every  7  o2s.  of 
silver  present  per  ton  of  lead,  added.  The  whole  is  thoroughly 
stiiTed  and  then  allowed  to  settle.  The  zinc  extracts  the  gi-eater 
part  of  the  silver  from  the  lead  and  rises  to  the  surface,  where  it 
solidifies  first,  and  may  be  removed  as  a  solid  cake.  This  cake  is 
then  heated  to  redness  in  a  current  of  air,  by  which  means  the  zinc 
is  converted  into  zincic  oxide,  and  may  be  separated  from  the  un- 
altered silver  by  washing. 

Sometimes  poor  silver  ores  are  roasted  along  with  galena.  The 
lead  thus  obtained  contains  the  whole  of  the  silver,  which  may 
then  be  separated  by  cupellatiom 

I.  Amalgamation  Process. — The  amalgamation  process  formerly 
employed  in  Europe  was  conducted  as  follows : — The  finely  ground 
ore  was  mixed  with  common  salt  and  roasted  in  a  reverberatory 
furnace.  By  this  means  the  silver,  wliich  was  mostly  present  in 
the  form  of  sulphide,  was  converted  into  chloride.  The  roasted 
ore  was  again  ground  very  fine  and  tlieu  introduced,  along  with 
scrap  iron  and  water,  into  casks  wliich  were  made  to  revolve  by 
inachineiy.    The  chloride  was  thus  reduced  to  metallic  silver : — 
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2AgCl    +    Fe    =    PeCl2    +  Aga. 

Argentic  Ferrous 
chloride.  chloride. 

Mercury  was  then  introduced  into  the  revolving  casks.  The 
mercury  combined  with  the  silver  to  form  a  liquid  amalgam,  which 
was  separated  and  subjected  to  distillation,  when  the  mercury 
passed  over  and  the  silver  remained  in  the  retort.  A  modification 
of  this  process  is  employed  in  ISTevada.  Some  trouble  is  occasioned 
in  this  process  by  the  tendency  of  the  mercury  to  form  minute 
globules,  which,  along  with  the  silver  contained  in  them,  are  lost 
in.  washing.  This  "  flouring,"  or  "  sickening,"  as  it  is  termed,  which 
is  due  to  the  formation  of  a  film  of  mercuric  sulphide,  may  be  pre- 
vented by  the  addition  of  about  2  per  cent,  of  sodium  to  the 
mercury,  the  mercuric  sulphide  being  thus  reduced  to  metallic 
mercury,  with  formation  of  sodic  sulphide. 

The  method  of  amalgamation  employed  in  Mexico  differs  from 
the  above,  the  scarcity  of  fuel  in  the  silver-producing  districts  pre- 
chiding  the  application  of  the  roasting  process.  The  ore  is  first 
ground  very  fine  with  water  in  a  mill.  The  paste  thus  obtained  is 
spread  on  a  paved  floor,  and  mixed  with  a  small  quantity  of  common 
salt,  after  which  it  is  allowed  to  stand  for  a  day.  About  1  per  cent, 
of  a  substance  known  to  the  miners  as  magistral — a  mixture  of 
crude  ferric  and  cupric  sulphates  obtained  by  roasting  copper 
pyrites — is  added,  and  the  whole  is  again  thoroughly  mixed. 
Mercury  is  now  poured  in,  and  the  mixing  is  renewed.  All  these 
processes  of  incorporation  are  effected  by  the  treading  of  blindfolded 
mules.  The  mercury  is  added  in  successive  portions,  at  intervals 
of  some  days,  during  the  working  of  the  heap,  the  entire  quantity 
of  mercury  employed  being  about  six  times  the  weight  of  the  silver 
contained  in  the  ore.  The  time  required  for  working  a  heap  varies 
from  a  fortnight  to  two  months.  At  the  end  of  the  time  the  liquid 
amalgam,  which  contains  all  the  silver,  is  separated  from  the  earthy 
and  other  impurities  by  washing,  and,  after  pressing  in  sacks  to  free 
it  from  the  excess  of  mercury,  is  subjected  to  distillation. 

The  nature  of  the  chemical  changes  which  occur  in  the  Mexican 
process  is  not  thoroughly  understood,  but  the  action  is  supposed  to 
take  place  as  follows : — The  cupric  sulphate  undergoes  double 
decomposition  with  the  sodic  chloride,  yielding  sodic  sulphate  and 
cupric  chloride.  The  latter  salt  reacts  with  the  argentic  sidphide, 
converting  it  into  argentic  chloride  : 
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2CuCl,  .  +    SAg,    =    'Cu'^Cl,    +    2AgCl    +  S 

Cupnc  Argentic  Cuprous  ArTontic 

chloride.  sulphide.  chloride.  clUoHdo' 

The  cuprous  chloride  thus  formed  dissolves  in  the  sodic  chloride 
])resent,  and  is  thus  enabled  to  act  upon  a  fresh  quantity  oi- 
argentic  sulphide : — 

'Cu'^Cl^    +    SAg,    =    'Cu'^S"    +  2AgCl. 

Cuprous  Argentic  Cuprous  Argentic 

chloride.  sulphide.  sulphide.  chloride. 

The  silver  chloride  held  in  solution  by  the  sodic  chloride  is  reduced 
by  the  metallic  mercury,  with  formation  of  mercurous  chloride  :— 

2AgCl    +    2Hg    =    'Hg'.Cl,    +  Ag,. 

Argentic  Mercui-ous 
chloride.  chloride. 

The  whole  of  this  mercurous  chloride  is  lost  in  washing,  repre- 
senting a  loss  of  mercury  equal  to  nearly  twice  the  weight  of  the 
silver  obtained. 

c.  Extraction  in  the  Wet  Way. — When  argentiferous  copper 
pyrites  is  roasted,  the  sulphides  of  iron,  copper,  and  silver  take  up 
oxygen,  and  are  converted  into  sulphates.  By  carefully  regulating 
the  temperature,  a  point  may  be  reached  at  which  the  sulphates  of 
iron  and  copper  are  decomposed,  yielding  insoluble  oxides,  wliilst 
the  more  stable  argentic  sulphate  remains  unaltered,  and  may  be 
obtained  in  solution  afterwards  by  lixiviating  the  roasted  mass 
with  hot  water.  A  small  quantity  of  undecomposed  copper  salt 
goes  into  solution  at  the  same  time.  The  silver  is  precipitated 
from  the  solution  by  metallic  copper.  (Ziervogel.) 

Another  method  consists  in  roasting  the  ore  with  common  salt, 
so  as  to  convert  the  silver  into  chloride,  which  is  then  extracted 
with  a  cold  dilute  solution  of  sodic  thiosulphate.  From  this  solu- 
tion the  silver  is  precipitated  as  sulphide  by  sodic  sulphide.  The 
argentic  sulphide  is  reduced  to  metal  by  heating  to  a  high  tempera- 
ture in  a  current  of  air.  (Percy-Patera.) 

The  burnt  pyrites  obtained  in  the  manufacture  of  sulphuric 
acid  contains,  in  addition  to  copper,  a  small  quantity  of  silver, 
amounting  to  about  half  an  ounce  to  the  ton.  This  small  quantity 
may  be  profitably  separated  by  adding  to  the  tank-liquor  obtained 
in  the  extraction  of  the  copper  (see  Copper)  a  solution  of  kelp. 
In  this  way  the  silver,  which  is  present  in  the  tank-liquor  in  the 
form  of  chloride,  and  is  kept  in  solution  by  the  sodic  chloride 
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with  which  the  burnt  pyrites  has  been  roasted,  is  precipitated 
as  argentic  iodide.  A  trace  of  gold,  which  is  precipitated  at  the 
same  time,  is  afterwards  separated. 

Preparation  of  Pure  Silver.— In  order  to  obtain  pure  silver 
advantage  is  taken  of  the  insolubility  of  the  chloride.  Ordinary 
silver  is°  dissolved  in  dilute  nitric  acid,  when  gold,  if  present, 
remains  undissolved.  The  silver  is  precipitated  from  the  filtered 
solution  as  chloride  by  hydrochloric  acid.  The  washed  and  dried 
chloride  is  fused  in  a  crucible  with  an  excess  of  sodic  carbonate. 
The  silver  collects  as  a  regulus  at  the  bottom  of  the  crucible. 
Another  method  is  to  reduce  the  argentic  chloride  by  laying  it  on  a 
plate  of  zinc  under  dilute  hydrochloric  acid.  The  reduced  silver  is 
carefully  washed  with  hydrochloric  acid  to  free  it  from  adliering 
traces  of  zinc,  and  is  then  dried.  By  this  means  it  is  obtained  as  a 
fine  grey  powder,  devoid  of  metallic  lustre.  In  this  last  form  it  is 
known  as  "  molecular "  silver  (a  misnomer,  as  it  is  very  far  from 
being  in  a  state  of  molecular  subdivision)  and  is  used  in  organic 
research  for  acting  upon  organic  compounds  of  the  halogens. 

Properties. — Silver  has  a  white  colour  with  a  tinge  of  yellow, 
and  possesses  great  lustre  when  polished.    In  the  form  in  which  it 
is  obtained  by  the  ignition  of  some  organic  silver  salts,  it  is  white 
like  porcelain,  owing  to  the  roughness  of  its  surface,  and  the  con- 
sequent absence  of  metallic  lustre.    Of  all  the  metals  it  is  the  best 
conductor  of  heat  and  electricity.    It  is  a  soft  metal,  standing 
between  copper  and  gold  in  hardness.   In  malleability  and  ductility 
it  is  inferior  only  to  gold:  it  can  be  beaten  into  leaf  0-00025  mm. 
in  thickness,  and  can  be  drawn  into  wire  of  which  180  metres 
weigh  0-1  gram.    In  very  thin  films,  as  in  the  case  when  it  is 
deposited  upon  glass  from  ammoniacal  solutions  by  means  of 
reducing  agents,  it  transmits  blue  light.    It  possesses  great  tena- 
city, the  breaking  weight  for  a  wire  2  millimetres  in  diameter 
being  85  kilograms.    Its  specific  gravity  is  10-57.    It  crystallises 
in  regular  octahedra.    Native  silver  also  occurs  in  dendritic  forms. 
It  fuses  at  1040°  and  may  be  distilled  at  a  white  heat  by  means 
of  the  oxyhydrogen  blowpipe,  a  process  which  was  employed  by 
Stas  in  purifying  silver  for  the  purpose  of  determining  its  atomic 
weight.    When  melted  in  contact  with  air,  pure  silver  absorbs 
about  22  times  its  volume  of  oxygen,  which  it  again  gives  up  at 
the  moment  of  solidification.    As  the  metal  cools,  the  outer  crust 
solidifies  first,  and  the  gas  evolved  from  the  interior  then  escapes 
through  this  crust  in  sudden  bursts,  carrying  >vith  it  small  particles 
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of  molten  silver.  This  pheuomenon  is  known  as  the  "  spittin«  "  of 
silver.  The  presence  of  a  small  quantity  of  copper  prevents  tlie 
absorption  of  oxygen.  Pure  air,  oxygen,  and  water  are  without 
action  upon  silver  at  aH  temperatures,  but  ozone  oxidises  it  super- 
ficially to  peroxide. 

Reactions.— 1.  SHver  is  blackened  by  sulphuretted  hydrogen  in 
presence  of  oxygen,  argentic  sulpliide  being  formed  For  this 
reason  silver  articles  exposed  to  the  atmosphere  become  discoloured 
Pure  sulphuretted  hydrogen,  however,  is  without  action  upon  silver 
at  ordinary  temperatures,  and  the  metal  may  even  be  heated  with 
an  aqueous  solution  of  sulphuretted  hydrogen  to  200°  without 
blackening. 

2.  SHver  is  acted  upon  by  hot  concentrated  sulphuric  acid :—  ^ 
Ag,    +    2SO,Ho,    =    SO^Ago,    +    20H,    +  SO^. 

Sulphuric  Argentic  Water.  Sulphurous 

acid.  sulphate.  auhjdride. 

3.  Dilute  nitric  acid  readily  dissolves  silver : — 

3Ag2    +    8NO2H0    =    6N02Ago    +    40H,    +  2'N"0. 

^itJ'ic  Argentic  Water.  Nitric 

acid.  nitrate.  , 

4.  At  a  red  heat  silver  decomposes  hydrochloric  acid  :— 

Ag2    +      2HC1      =    H2    +  2AgCl. 

Hydrochloric  Argentic 
acid.  chloride. 

Strong  aqueous  hydriodic  acid  dissolves  silver,  even  at  ordinary 
temperatures,  witli  evolution  of  hydrogen  and  formation  of  argentic 
iodide. 

Uses. — Pure  silver  is  very  little  employed  in  the  arts,  as  it  is 
too  soft  to  resist  wear.    In  order  to  increase  its  hardness  and  tena- 
city, it  is  alloyed  with  a  small  proportion  of  copper,  an  addition 
which  does  not  affect  its  colour,  and  in  this  form  it  is  employed 
for  plate,  ornaments,  coinage,  &c.    Standard  silver  is  an  alloy  of 
silver  and  copper  of  a  given  composition  fixed  by  law,  and  this 
standard  varies  in  different  countries.    In  England  the  standard 
contains  92-5  per  cent,  of  silver.   In  Prance,  Germany,  and  Austria, 
the  standard  for  coinage  contains  90  per  cent,  of  silver,  whilst 
there  are  other  standards  for  plate  and  jeweller's  work.    What  is 
termed  the  fineness  of  silver  is  the  number  of  parts  of  silver  per 
mille  which  the  alloy  contains ;  thus  the  English  standard  silver 
•has  a  fineness  of  925. 
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Pure  silver  is  employed  in  the  manufacture  of  various  laboratory 
vessels,  this  metal,  unlike  glass  and  platinum,  being  capable  of 
resisting  the  action  of  fused  caustic  alkalies. 

Silver  is  also  employed  in  electro-plating.  For  this  purpose 
the  object  to  be  silvered,  which  must  possess  a  conducting  surface, 
is  made  the  negative  electrode  ;  the  positive  electrode  consists  of  a 
plate  of  silver.  The  electrodes  are  immersed  in  a  solution  of 
argentic  cyanide  in  an  excess  of  potassic  cyanide.  The  electrolytic 
silver  is  deposited  as  a  coherent  coating  on  the  object  to  be  silvered, 
and  the  cyanogen,  liberated  at  the  negative  electrode,  combines 
with  the  silver  of  the  electrode  to  form  argentic  cyanide,  which  dis- 
solves in  the  excess  of  potassic  cyanide,  so  that  the  strength  of  the 
electrolytic  solution  remains  constant.  From  silver  solutions  other 
than  the  above,  the  electrolytic  silver  is  generally  deposited  in  the 
form  of  a  non-coherent  powder. 

The  silvering  of  glass  is  effected  by  means  of  a  mixture  of  an 
ammoniacal  solution  of  silver  with  milk-sugar  or  some  other 
suitable  organic  reducing  agent.  The  solution  is  contained  in  a 
flat  shallow  vessel,  and  the  glass  is  suspended  so  that  the  surface 
to  be  silvered,  which  must  previously  have  been  thoroughly 
cleaned,  may  be  in  contact  with  the  surface  of  the  liquid.  A 
bright  coherent  mirror  of  silver  is  thus  deposited  on  the  glass. 
Eeflectors  for  astronomical  telescopes  are  now  extensively  prepared 
by  this  method. 

COMPOUNDS  OF  SILVER  WITH  TEE  HALOGENS 

Argentic  chloride,  AgCl,  occurs  native,  as  kerargyrite,  or  Iwrn- 
silver,  in  Mexico,  Peru,  and  Chili,  also  in  the  Harz.  Horn-silver 
crystallises  in  forms  belonging  to  the  regular  system,  but  more 
frequently  occurs  in  wax-like,  translucent  masses.  Its  specific 
gravity  varies  from  5-3  to  5-4.  Argentic  chloride  is  obtained  as  a 
curdy  precipitate  by  the  addition  of  hydrochloric  acid,  or  a  soluble 
chloride,  to  the  solution  of  a  silver  salt.  When  pure  it  is  white ; 
but  under  the  influence  of  light  it  speedily  assumes  a  violet  tint, 
passing  into  black.  The  reason  of  this  phenomenon,  which  is  turned 
to  account  in  photography,  is  not  thoroughly  understood ;  but  the 
change  is  supposed  to  be  due  to  the  formation  of  a  lower  chloride, 
or  to  the  liberation  of  metallic  silver.  The  action  is  only  super- 
ficial, and  the  quantity  of  chlorine  evolved  extremely  small; 
Argentic  chloride  fuses  at  about  260°  to  a  clear  yellow  liquid. 
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which  solidifies  to  a  translucent,  horny,  sectile  mass.  It  is  inso- 
luble in  water  and  dilute  acids;  slightly  soluble  in  concentrated 
hydrochloric  acid,  and  in  concentrated  solutions  of  the  alkaline 
chlorides  ;  readily  soluble  in  ammonia,  potassic  cyanide,  sodic  thio- 
sulphate,  and  in  a  concentrated  solution  of  mercuric  nitrate.  On 
evaporation,  the  solutions  in  hydrochloric  acid  and  in  ammonia 
deposit  the  argentic  chloride  in  octahedra.  In  contact  with 
oxidisable  metals,  such  as  iron  or  zinc,  it  is  reduced,  in  presence  of 
water,  to  metallic  silver,  the  addition  of  a  little  acid  favouring  the 
reaction.  The  dry  chloride  absorbs  gaseous  ammonia  to  form  the 
compound  2AgCl,3NH3,  which  parts  with  its  ammonia  at  ?.7-7° 
and  was  employed  by  Faraday  in  the  liquefaction  of  ammonia 
(p.  244).  This  compound  is  also  obtained  in  large  transparent 
rhombohedra,  when  a  solution  of  argentic  chloride  in  concentrated 
ammonia  is  allowed  to  stand  in  an  imperfectly  closed  bottle. 

Argentous  chloride,  Ag4Cl2,  is  obtained  by  treating  argentous  oxide  {q.v.)  with 
]iydrochloric  acid.  It  forms  a  black  powder,  which  is  decomposed  by  ammonia  into 
metallic  silver  and  argentic  chloride,  the  latter  dissolving  in  the  ammonia.  Nitric 
acid  decomposes  it  in  a  similar  manner,  tlie  sUver  in  this  case  dissolving,  whilst  the 
chloride  is  left. 

Argentic  bromide,  AgBr,  occurs  native  as  hromargyrite  in 
Mexico  and  Chili,  also  at  Huelgoet  in  Britanny.  It  generally  forms 
concretions,  but  is  also  found  crystallised.  It  may  be  prepared  by 
precipitating  solutions  of  silver  salts  with  hydrobromic  acid.  At 
ordinary  temperatures  hydrobromic  acid  converts  argentic  chloride 
into  argentic  bromide;  at  700°,  on  the  other  hand,  this  reaction  is 
reversed,  and  the  bromide  is  converted  by  hydrochloric  acid  into 
chloride.  Precipitated  argentic  bromide  is  a  faint-yellow  substance, 
soluble  with  difficulty  in  dilute  ammonia,  readily  soluble  in  concen- 
trated ammonia.  The  dry  bromide  does  not  absorb  ammonia ;  but 
a  double  compound  with  ammonia,  corresponding  to  that  of  the 
chloride,  is  deposited  from  the  ammoniacal  solution.  Argentic  bro- 
mide fuses  below  a  red  heat.  It  is  employed  in  photography  in 
the  preparation  of  "  dry  plates." 

Argentic  iodide,  Agl,  is  of  very  rare  occurrence.  It  is  found 
as  iodargyrite,  in  Chili,  Mexico,  and  Spain,  in  the  form  of  thin 
hexagonal  plates,  which  are  slightly  elastic.  It  is  obtained  as  an 
amorphous  yellow  precipitate  when  potassic  iodide  is  added  to  the 
solution  of  a  silver  salt.  Concentrated  hydriodic  acid  dissolves 
metallic  silver  with  evolution  of  hydrogen;  from  this  solution 
lustrous  laminae  of  the  formula  AgI,HI  are  deposited  on  cooling; 
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and  these  on  exposure  to  the  air  are  speedily  decomposed,  yielding 
argentic  iodide.    When  the  mother  liquor  from  these  crystals  is 
exposed  to  the  air,  or  when  it  is  left  in  contact  with  excess  of 
metallic  silver,  it  deposits  argentic  iodide  in  hexagonal  prisms. 
Arc^entic  chloride  and  bromide  are  converted  by  hydriodic  acid  with 
violent  reaction  into  the  iodide ;  but  above  700°  gaseous  hydro- 
chloric acid  converts  the  iodide  into  chloride.    Argentic  iodide 
closely  resembles  the  chloride  and  bromide,  but  differs  from  these 
in  its  almost  perfect  insolubility  in  concentrated  ammonia,  which, 
however,  has  the  effect  of  turning  it  white.    It  is  soluble  in  sodic 
thiosulphate,  though  not  so  readily  as  the  chloride.    It  also  dis- 
solves in  a  concentrated  solution  of  potassic  iodide,  the  hot  solution 
depositing  on  cooling  acicular  crystals  of  the  formula  AgI,HI ; 
from  this  solution  the  iodide  is  precipitated  by  dilution  with  water. 
It  fuses  at  a  dull  red  heat,  yielding  a  yellow  liquid  which  becomes 
darker  coloured  at  a  higher  temperature,  and  on  cooling  solidifies 
to  a  yellow  mass  with  a  sp.  gr.  of  5-687.  The  sp.  gr.  of  the  precipi- 
tated iodide  is  5-807,  that  of  the  crystallised  variety  5-47— 5-54. 
Kzeau  has  made  the  remarkable  observation  that  between  the  tem- 
peratures of  -10°  and  -f70°  argentic  iodide  contracts  on  heating 
and  expands  on  cooling..  Pure  argentic  iodide  is  not  acted  upon 
by  light,  but  in  presence  of  substances  which  are  capable  of  com- 
bining with  the  liberated  iodine  it  is  slowly  blackened.    A  slight 
admixture  of  argentic  nitrate  produces  this  effect.    By  exposure  to 
light,  however,  even  for  a  very  short  time,  argentic  iodide  passes 
into  a  peculiar  active  condition,  in  which  it  possesses  the  property 
of  immediately  precipitating  upon  its  surface  black,  finely-divided 
metallic  silver  from  solutions  of  silver  salts  in  presence  of  some 
reducing  agent  such  as  pyrogallic  acid.    Upon  this  property  the 
appUcation  of  argentic  iodide  in  photography  depends,  and  the 
process  of  thus  blackening  the  iodide  is  that  of  "  developing  "  the 
photographic  image.    Dry  argentic  iodide  absorbs  gaseous  am- 
monia, forming  a  wliite  compound,  2AgI,NIl3,  which,  when 
exposed  to  the  air,  parts  with  ammonia,  and  is  reconverted  into 
yellow  argentic  iodide. 

Argentic  fluoride,  AgF,  is  prepared  by  dissolving  argentic 
oxide  or  argentic  carbonate  in  hydrofluoric  acid,  and  evaporating 
the  solution.  Argentic  fluoride  crystallises  either  in  colourless 
quadratic  pyramids  with  1  aq.,  or  in  prisms  with  2  aq.  It  is  deli- 
quescent, and  soluble  in  half  its  weight  of  water.  It  is  not  readily 
obtained  in  an  anhydrous  state.    When  the  compound  AgF.OHg 
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IS  dried  ^n  vacuo,  it  undergoes  partial  decomposition  and  a 
brownish-yellow  earthy  mass  is  formed,  which,  when  heated  with 
exclusion  of  air,  may  be  fused,  and  on  cooHng  solidifies  to  a  black 
horny  secti  e  mass.  Unlike  the  chlorides  of  many  of  the  metals 
which  m  the  fused  state  maybe  subjected  to  electrolysis,  fused 
argentic  fluoride  conducts  the  electric  current  without  undercoin. 
decomposition.  When  heated  in  moist  air  it  is  reduced  to  the 
metaUic  state.  The  dry  fluoride  absorbs  844  times  its  volume  of 
gaseous  ammonia ;  at  higher  temperatures  ammonia  reduces  it  to 
metallic  silver. 

COMPOUNDS  OF  SILVEE  WITH  OXYGEN. 
The  foUowing  three  oxides  of  silver  are  known  :— 

Argentous  oxide  (argentous  quadrantoxide)  ....  OAo- 
Argentic  oxide  _  r\X» 

Argentic  peroxide    fOAg 

Argentous  oxide,  OAg„  is  obtained  by  heating  argentic  citrate  in  a  current  of 
Hydrogen  to  100°;  on  adding  potassic  hydrate  to  the  solution  of  the  bronze-coloured 
mass  thus  obtained,  argentous  oxide  is  precipitated.  It  forms  a  black  powder. 
Hydrochloric  and  hydrobromic  acid  convert  it  into  argentous  chloride  and  bromide. 
Oxy-acids  decompose  it,  yielding  an  argentic  salt  and  metalHc  silver.  On  lieatiug, 
It  breaks  up  into  metallic  silver  and  oxygen. 

Argentic  oxide,  0Ag2,  is  prepared  by  precipitating  nitrate  of 
silver  with  potassic  hydrate  or  baryta- water,  taking  care  to  avoid  the 
formation  of  carbonate ;  or  by  boiling  freshly  precipitated  argentic 
chloride  with  a  concentrated  solution  of  potassic  hydrate.  When 
precipitated  in  the  cold,  it  forms  a  dark-brown  powder,  whicli 
becomes  black  and  anhydrous  on  drying  at  60°  or  70°.  The 
recently  precipitated  and  still  moist  brown  oxide  is  in  some 
respects  more  active  in  its  combining  properties  than  the  dried 
Uack  oxide ;  thus  it  absorbs  carbonic  anhydride  from  the  air  and  || 
substitutes  hydroxyl  for  chlorine  in  the  chlorides  of  organic 
ammonium  bases;  it  therefore  probably  consists  of  the  hydrate 
AgHo,  which  has  not,  however,  been  prepared  in  a  state  of  purity. 
One  part  of  argentic  oxide  dissolves  in  about  3000  parts  of  water, 
the  solution  possessing  a  marked  alkaline  reaction.  The  sp.  gr.  of 
the  dry  oxide  is  7'25.  In  the  dry  state  it  acts  as  a  powerful 
oxidising  agent,  inflaming  various  oxidisable  substances,  such  as 
sulphur,  amorphous  phosphorus,  and  the  sul2:)hides  of  arsenic  and 
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antimony,  when  triturated  along  with  them.  At  a  temperature  of 
250°  it  is  decomposed  into  silver  and  oxygen,  whilst  in  a  current 
of  hydrogen  it  undergoes  reduction  to  metallic  silver  at  100°. 
Argentic  oxide  is  the  salifiable  oxide  of  silver  : — 

OAg2    +    SO^Ho^    =    SO^Ago^    +  OH^. 

Argentic  Sulphuric  Argentic  Water, 

oxide.  acid.  sulphate. 

Strong  ammonia  converts  argentic  oxide  into  fulminating  silveo- 
(q.v.). 

Argentic  peroxide,  This  compound  is  formed  by  the 

action  of  ozone  on  finely  divided  silver.  When  a  concentrated 
solution  of  argentic  nitrate  is  submitted  to  electrolysis,  argentic 
peroxide  is  deposited  on  the  positive  electrode.  In  like  manner, 
in  the  electrolysis  of  acidulated  water,  if  a  silver  plate  be  employed 
as  positive  electrode,  the  nascent  oxygen  combines  with  the  silver, 
and  the  plate  becomes  coated  with  argentic  peroxide.  It  forms 
minute  black  lustrous  octahedra,  which  are  frequently  attached  to 
each  other.  It  is  decomposed  a  little  above  100°  into  oxygen  and 
argentic  oxide.  Chlorine  rapidly  converts  it  at  ordinary  tempera- 
tures into  argentic  chloride  and  oxygen.  Hydroxyl  and  argentic 
peroxide  mutually  reduce  each  other,  oxygen  being  evolved  from 
both  substances : — 

4oAg    +    Hoi    =    2Ag,    +    20H,    +  30,. 

Argentic  Hydroxyl.  Water, 

peroxide. 

Argentic  peroxide  possesses  more  powerful  oxidising  properties 
than  argentic  oxide  :  when  triturated  with  antimonious  sulphide, 
the  mixture  deflagrates ;  sulphuretted  hydrogen  inflames  in  con- 
tact with  the  peroxide,  the  latter  being  converted  into  argentic 
sulphide ;  in  aqueous  ammonia  the  peroxide  dissolves  with  evolu- 
tion of  nitrogen;  when  warmed  in  hydrogen  it  is  reduced  to 
metallic  silver  with  a  slight  explosion.  It  seems  to  possess  the 
properties  of  a  weak  base,  forming  salts  which  are  stable  only  in 
solution  with  an  excess  of  acid.  Thus  concentrated  sulphuric  acid 
dissolves  it,  forming  a  green  liquid ;  but,  on  diluting  with  water, 
oxygen  is  evolved,  and  the  solution  contains  argentic  sulphate. 
With  strong  nitric  acid  it  yields  a  brownish-red  solution,  which  on 
dilution  with  water  deposits  the  unchanged  peroxide,  the  latter 
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then  redissolving  in  the  dilute  acid  with  evolution  of  oxy-en  an.l 
formation  of  argentic  nitrate. 

OXY-SALTS  OF  SILVER. 

Argentic  nitrate,  NO,Ago.-This  salt  is  prepared  by  dissolv- 
ing silver  m  dilute  nitnc  acid,  evaporating  the  solution,  and  allowing 
It  to  crystallise.  It  is  thus  obtained  in  colourless  rhombic  tabulj 
crystals  of  sp.  gr.  4-3,  which  fuse  at  198°,  and  solidify  on  cooling 
to  a  fibrous  crystalline  mass.  Argentic  nitrate  is  soluble  in  half 
Its  weight  of  water  at  ordinary  temperatures,  less  soluble  in  nitric 
acid  ;  soluble  m  four  parts  of  boiling  alcohol.  The  aqueous  solu 
tion  has  a  neutral  reaction.  Argentic  nitrate  has  a  disaoreeable 
metallic  taste,  and  is  very  poisonous.  Applied  to  the  flesh  of 
animals,  it  acts  as  a  powerful  caustic,  destroying  the  vitality  of  tlie 
part ;  the  fused  salt,  cast  into  sticks,  in  which  form  it  is  known  as 
lunar  caustic,  is  employed  in  surgery  for  this  purpose.  The  pure 
salt  is  not  altered  by  exposure  to  light;  but  in  contact  with 
organic  substances,  light  speedily  blackens  it.  The  hot  concen- 
trated solution  dissolves  argentic  chloride  slightly,  argentic  bromide 
more  readily,  and  stHl  more  readily  argentic  iodide  and  cyanide. 

compounds  are  deposited  in 

needles  on  coolins: : — 

N02Ago,AgCl;  N02Ago,AgBr;  2]Sr02Ago,AgI; 
N02Ago,2Ag(C^f). 

These  compounds  are  all  decomposed  by  water  with  precipitation 
of  the  chloride,  bromide,  &c.  Solid  argentic  nitrate  absorbs  gaseous 
ammonia,  yielding  a  compound  N02Ago,3NH3.*  A  concentrated 
solution  of  argentic  nitrate,  when  saturated  with  ammonia,  deposits 
rhombic  crystals  of  the  formula  N02Ago,2NH3.t  Argentic  nitrate 
is  extensively  employed  in  photography.  It  also  forms  the  basis 
of  most  of  the  indelible  inks  used  for  marking  linen. 

Argentic  nitrite,  NO  Ago,  is  precipitated  when  concentrated  solutions  of  potassic 
nitrite  and  argentic  nitrate  are  mixed.  It  crystallises  in  coloui-less  or  yellow  prisms, 
which  are  sparingly  soluble  in  cold,  more  readily  soluble  in  warm  water.  At  a  teui- 
p  -rature  between  90°  and  140°  it  is  decomposed  into  metallic  silver,  nitric  oxide,  and 
argentic  nitrate : — 


*  N(NH2)oHoj(N^AgH30). 

t  N(NHo)2Ho2Ago  or  lirO(NH2)no(Nv^4gIl30). 
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4NOAgo    =    2N02Ago    +    2'N"0    +  Ag2. 
Argentic  Ai-gentio  Nitric 

nitrite.  nitrate.  oxide. 

Argentic  chlorate,  j  q  J^^.  is  obtained  by  dissolving  argentic  oxide  in  cUoric  acid. 

It  is  more  readily  prepared  by  passing  chlorine  into  water  in  which  argentic  oxide  is 
suspended  j  a  mixture  of  chloride  and  hypochlorite  (cf .  p.  184)  ia  thus  formed,  the 
latter  decomposing  in  the  dark  at  60^  into  chloride  and  chlorate  : — 

3ClAgo    =    2AgCl  + 

Argentic       Argentic  Argentic 
hypochlorite,    chloride.  chlorate. 

The  liquid  is  filtered  from  the  chloride  and  evaporated.  Argentic  chlorate  crystal- 
lises in  white  opaque  quadratic  prisms,  soluble  in  10  parts  of  cold  water.  It  fuses 
at  230°,  and  decomposes  at  270°  into  oxygen  and  argentic  chloride,  a  trace  of  chlo- 
rine being  evolved  at  the  same  time.  When  rapidly  heated  it  deflagrates.  A  mix- 
ture of  argentic  chlorate  with  sulphur  detonates  with  great  violence  on  friction. 

Argentic  Iromate,  |  Q^g^,  and  a/rgentic  iodate,  |  gAgo'  obtained  as  sparingly 
soluble  precipitates  by  the  addition  of  solutions  of  the  corresponding  potash  salts  to 
a  solution  of  argentic  nitrate. 

Argentic  periodate. — When  argentic  nitrate-  is  added  to  a  neutral  or  slightly 
acid  solution  of  an  alkaUne  periodate,  a  dark-brown  precipitate  of  the  formula 
03lAgo,20Ag2  is  obtained,  which  when  heated  to  200°  is  decomposed  into  argentic 
iodide,  metallic  silver,  and  oxygen.  This  salt  dissolves  in  nitric  acid,  and  deposits 
on  evaporation  orange-coloured  octahedra  of  argentic  metaperiodate,  OjIAgo,  whicli 
is  decomposed  by  water  into  free  periodic  acid  and  an  insoluble  yellow  salt  of  the 
formula  20aIAgo,OAg2,30H'3.* 

Argentic  carbonate,  COAgo^,  is  precipitated  when  potassio  or  sodic  carbonate  is 
added  to  a  solution  of  argentic  nitrate.  It  forms  a  pale-yellow  amorphous  powdej-, 
insoluble  in  water.  When  exposed  to  light,  or  when  warmed,  it  blackens.  At  a 
temperature  of  100°  it  evolves  carbonic  anhydride,  and  is  converted  into  argentic 
oxide. 

Aegextic  sulphate,  S02Ag02,  is  prepared  by  dissolving  silver 
in  hot  concentrated  sulphuric  acid,  or  by  precipitating  a  con- 
centrated solution  of  argentic  nitrate  with  sulphuric  acid.  It 
forms  small  lustrous  crystals  belonging  to  the  rhombic  system,  of 
sp.  gr.  5-4.  It  is  soluble  in  about  200  parts  of  cold  and  in  68-35  parts 
of  boiling  water ;  more  readily  soluble  in  dilute  sulphuric  or  nitric 
acid.  At  a  dark  red-heat  it  fuses  witliout  decomposition ;  at  a 
higher  temperature  it  breaks  up  into  metallic  silver,  oxygen,  and 
sulphurous  and  sulphuric  anhydrides.  The  solid  salt  absorbs  two 
molecules  of  gaseous  ammonia,  forming  the  compound — 

S02Ag02,2NH3  =  S02(NvAgH30)2. 

*  On  the  formulation  of  these  compounds  on  the  basis  of  heptadic  iodine,  e.g., 
lOigOj,  lOjAgo,  and  lOHojAgo.j,  see  p.  332. 
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A  solution  of  the  salt  in  warm  aqueous  ammonia  deposits  on 
cooling  quadratic  crystals  of  the  compound  SO  A^o  4NH  - 
S(NH  ),Ho,(NvAgH30),.-^y^n«  argentic  sulplJtc^SO  ^olZ 
crystallises  in  pale  yellow  prisms  from  a  solution  of  the  Horm^a; 
salt  in  less  than  three  parts  of  sulphuric  acid.  If  more  sulphuric 
acid  be  employed,  double  compounds  of  the  acid  salt  with  eul 
phuric  acid  are  obtained. 

Arffentic  sulpldie,  SOAgo,,  is  prepared  by  dissolving  argentic  oxide  in  sulphurous 
acid,  or  br  precipitating  argentic  nitrate  with  an  alkaline  sulphite  or  with  sul- 
].hurou8  acid,  avoiding  an  excess  of  the  precipitant.  It  crystallises  in  white 
Binning  needles,  or  forms  a  curdy  precipitate,  only  slightly  soluble  in  water  Wlien 
exposed  to  bglit,  It  blackens.  At  a  temperature  of  100°  it  is  decomposed  into  sul- 
phurous  anhydride,  argentic  sulphide,  and  metallic  sUver  :— 

2SOAgo2     .=     S0.Ag02     +      SOo     +  Ag.j. 
Argentic  Argentic  Sulphurous 

suliihite.  sulphate.  anhydride. 

Argentic  dithionate,  {l^j^^.OK,,  is  prepared  by  dissolving  argentic  car- 
bonate in  the  aqueous  acid.    It  crystallises  in  rhombic  prisms. 

Argentic  thiosulphate  {Argentic  hyposulphite),  SOjAgoAgs.— When  a  dilute 
solution  of  argentic  nitrate  is  added  to  an  excess  of  a  solution  of  sodic  thiosulphate, 
a  grey  precipitate  is  formed,  consisting  of  a  mixture  of  argentic  sulphide  with 
argentic  thiosulphate.  Tlie  thoroughly  washed  precipitate  is  treated  with  ammonia 
which  extracts  the  thiosulphate.  On  carefully  neutralising  the  ammoniaeal  solu- 
tion with  nitric  acid  the  argentic  thiosulphate  is  reprecipitated  as  a  white  powder, 
sparingly  soluble  in  water.  It  must  be  quickly  dried  by  pressure,  as  in  the  moist 
state  it  readily  decomposes  into  argentic  sulphide  and  sulphuric  acid  :— 

SOoAgoAgs    +    OH2    =    SAgj    +  SOjHoo. 

Argentic         Water.      Argentic  Sulphuric 
thiosulphate.  sulphide.  acid. 

8odA.c  wrgentio  thiosulphate,  S02]SraoAg8,20H2,  is  obtained  by  gradually  adding, 
with  constant  stirring,  a  solution  of  sodic  thiosulphate  to  a  solution  of  argentic 
nitrate  till  the  precipitate  no  longer  redissolves.  On  adding  alcohol  to  the  filtrate, 
the  double  salt  separates  in  lustrous  laminse. 


Argentic  Phosphate: — 

a.  Argentic  orthopliosplmtc,  POAgOg,  is  precipitated  when  ar- 
gentic nitrate  is  added  to  a  solution  of  any  normal  or  mouohydric 
alkaline  phosphate,  nitric  acid  being  liberated  in  the  latter  case. 
It  forms  a  yellow  amorphous  precipitate,  insoluble  in  water,  readily 
soluble  in  nitric  acid  and  in  ammonia.  It  becomes  dark-coloured 
when  exposed  to  light.  When  heated  it  assumes  a  deep  orange- 
red  colour,  and  fuses  at  a  strong  red  heat  without  decomposition.  ' 
—  Hydric  diargmtic  orthopliosphate,  POHoAgOg,  is  deposited  as  a 
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white  crystalline  powder  when  ether  is  added  to  a  solution  of  the 
normal  salt  in  excess  of  phosphoric  acid. 

K  Argentic  pyrophosphate,  P203Ag04,  is  obtained  as  a  white 
precipitate,  when  argentic  nitrate  is  added  to  solutions  of  either 
normal  or  acid  pyrophosphates  of  the  alkali  metals.  It  is  insoluble 
in  water,  readily  soluble  in  nitric  acid  or  ammonia.  It  fuses 
without  decomposition  below  redness,  yielding  a  dark  brown 
liquid  which  solidifies  on  cooling  to  a  radio-crystalline  mass. 
Under  the  influence  of  light  it  turns  red. 

c.  Argentic  metaphosphate,  P02Ago. — The  various  modifications 
of  metaphosphoric  acid  yield  corresponding  silver  salts.  Thus,  if 
argentic  nitrate  be  added  to  a  solution  of  the  vitreous  sodic  meta- 
phosphate,  an  amorphous  white  precipitate  of  the  silver  salt  is 
obtained;  whereas  crystallisable  sodic  trimetapliosphate  yields, 
when  so  treated,  well-formed  crystals  of  argentic  trimetapliosphate, 
PaOeAgOa.OH^. 

Argentic  arsenate,  AsOAg03,  is  obtamed  as  a  reddish-brown  amorphous  pre- 
cipitate when  an  alkaHne  arsenate  is  added  to  the  solution  of  a  silver  salt.  The 
same  salt  may  be  obtained  as  a  dark-red  crystalline  powder  by  precipitating  a  boil- 
ing solution  of  argentic  nitrate  with  a  concentrated  solution  of  arsenic  acid.  It  is 
iiisoluble  in  w  ater,  readily  soluble  in  nitric  acid  and  in  ammonia.  When  heated  it 
fuses,  yielding  a  reddish-brown  glass  on  cooling. 

Argentic  arsenite,  AsAgOg,  is  prepared  by  cautioiisly  adding  ammonia  to  a  mixed 
solution  of  argentic  nitrate  and  arsenious  acid  as  long  as  a  precipitate  is  produced. 
It  forms  a  yellow  precipitate,  readily  soluble  in  nitric  acid  and  in  ammonia.  On 
heating,  it  decomposes  into  arsenious  anhydride,  argentic  arsenate,  and  metallic 
sUver : — 

SAsAgOj    =    3AsOAgo3    -f    As-jOg    -f  SAgj. 
Argentic  Argentic  Arsenious 

arsenite.  arsenate.  anhydride. 

By  boihng  with  sodic  hydrate  it  is  decomposed  into  arsenic  anhydride,  which  dis- 
solves with  formation  of  sodic  arsenate,  and  metaUic  silver,  the  latter  being  nnxod 
with  argentous  oxide  (0Ag4). 

COMPOUNDS  OF  SILVER  WITH  SULPHUR 

Argentic  sulphide,  SAgg. — This  compound  occurs  native  as 
^Iver  glance  or  argentite  in  blackish-gTey  regular  crystals  with  a 
■  metallic  lustre.  It  has  a  sp.  gr.  of  from  7196  to  7-356.  Artificial 
crystals  of  argentite  are  obtained  when  silver  is  heated'  in  a 
current  of  sulphuretted  hydrogen,  and  the  same  substance  may  be 
prepared  as  a  crystalline  mass  by  fusing  together  silver  and  sulphur. 
A  black  amorphous  precipitate  of  argentic  sulphide  is  formed 
when  sulphuretted  hydrogen  is  passed  into  solutions  of  silver  salts. 
Argentic  sulphide  is  insoluble  in  water,  soluble  with  decoraposi- 
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tion  in  strong  nitric  acid,  insoluble  in  ammonia.  When  heated  in 
air,  avoiding  too  high  a  temperature,  it  is  oxidised  to  argentic  sul- 
phate. Cupric  chloride  in  presence  of  sodic  chloride  converts  it 
into  argentic'  chloride  (see  Mexican  Amalgamation  Process). 

SULPHO-SALTS  OF  SILVER. 

Argentic  sulpharsenite,  AsAgSg,  occurs  native  as  prou.itite  or  light  red  silver  ore 
in  red  translucent  rhombohedral  crystals.  It  generaUy  contains  more  or  less  anti- 
mony, which  IS  present  in  isomorphous  replacement  of  a  portion  of  the  arsenic. 

Argentic  sulphantimonite,  SbAgSg,  occurs  as  pijrargyrite  or  darh  red  silver-ore, 
in  rhombohedral  crystals,  isomorphous  with  the  preceding.  It  yaries  in  colour 
from  dark-red  to  greyish-black,  is  opaque,  and  possesses  metallic  lustre. 

COMPOUNDS  OF  SILKEE  WITH  NITEOaFN  ANB  PHOSPHORUS. 

Fulminating  silver.— TUxis  compound  is  formed  when  freshly  precipitated 
argentic  oxide  is  dissolved  in  strong  ammonia,  and  the  solution  is  evaporated  with 
the  aid  of  a  gentle  warmth.  It  forms  black  crystals,  which  when  di-y  explode 
violently  on  the  slightest  touch,  and  even  when  moist  may  be  made  to  explode  by  • 
shaking  the  liqiud  in  which  they  are  immersed.  Owing  to  the  dangerous  character 
of  this  compound  its  composition  has  not  been  ascertained  with  certainty.  It  is 
possibly  argentic  amide,  NAgHj. 

Argentic  phosphide  is  formed  when  phosphorus  is  added  to  molten  silver,  or 
when  argentic  phosphate  is  fused  with  charcoal.  It  is  thus  obtained  as  a  dark 
grey  mass,  which,  when  strongly  heated,  parts  with  a  portion  of  its  phosphorus. 
This  compound  has  not  been  obtained  of  constant  composition. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Silver.— The  salts  of  silver  with  colourless  acids  are  colourless.  The 
soluble  salts  are  neutral  to  test-paper,  have  an  acrid  metallic  taste, 
and  act  as  violent  irritant  poisons.  From  solutions  of  silver  salts 
caustic  alhalies  precipitate  brown  argentic  oxide.  Ammonia  also 
precipitates  the  oxide,  which  is  soluble  however  in  an  excess  of 
the  precipitant.  SiLlfhuretted  hydrogen  gives  a  black  precipitate  of 
argentic  sulphide,  insoluble  in  ammonic  sulphide,  soluble  in  hot 
nitric  acid.  The  liydr acids  precipitate  the  corresponding  haloid 
compounds  of  silver  (p.  505).  Hydrocyanic  acid  and  ■potassic 
cyanide  give  a  curdy  precipitate  of  argentic  cyanide  (AgCy)  soluble 
in  excess  of  potassic  cyanide.  Argentic  cyanide  is  decomposed  on 
ignition,  leaving  . a  residue  of  metallic  silver.  Co^opcr,  zinc,  iron, 
and  other  oxidisable  metals,  further,  sidjjJmrous  acid  and  ferrous 
sulphate,  precipitate  metallic  silver  from  the  solutions  of  its  salts. 
Insoluble  compounds  of  silver,  when  heated  with  sodic  carbonate 
on  charcoal  before  the  blowpipe,  are  reduced  to  metallic  silver. 
The  silver  compounds  give  no  flame  spectrum  ;  but  the  spark 
spectrum  exhibits  two  characteristic  bright  lines  in  the  green. 
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CHAPTEK  XXXIII. 

DYAD  ELEMENTS. 

Section  II. 

BARIUM,  Ba. 

Atomic  '  weight  =  Frobable  molecitlar  weight  =  137.  8p.gr. 

hetioeen  4*0  and  5-0.    Atomicity  ".    Evidence  of  atomicity  : — 

Baric  chloride   Ba^'Clg. 

Baric  hydrate   Ba^Hoa- 

Baric  oxide    Ba''0. 

j5"istory.— Metallic  barium  was  first  prepared  by  Davy  in 
1808. 

Occurrence. — Barium  is  never  found  native.  It  occurs  abun- 
dantly as  sulphate  in  the  mineral  heavy-spar,  and  as  carbonate  in 
vntherite.  In  many  calcium  minerals  it  sometimes  replaces  a 
portion  of  the  calcium,  with  which  it  is  isomorphous.  Traces  of  it 
are  found  in  various  mineral  waters  and  in  sea-water. 

Preparation. — Barium  is  not  reduced  from  its  oxide,  hydrate, 
or  carbonate,  by  heating  with  charcoal.  It  may  be  obtained  by 
the  following  methods  : — 

1.  By  the  electrolysis  of  the  fused  chloride  (see  Preparation  of 
Lithium,  p.  485).  The  barium  is  thus  obtained  in  the  form  of  a 
metallic  powder. 

2.  By  electrolysing  moistened  baric  hydrate,  carbonate,  nitrate 
or  chloride,  the  negative  electrode  being  formed  of  mercury.  A 
liquid  amalgam  of  barium  is  thus  obtained,  which  may  be  freed 
from  the  excess  of  mercury  by  pressing  through  a  cloth.  The  solid 
amalgam  which  remains  is  only  slowly  oxidised  by  exposure  to  the 
air.  On  subjecting  it  to  distillation  mercury  passes  over  and 
metallic  barium  remains  in  the  retort  as  a  porous  mass. 

3.  By  acting  with  sodium  amalgam  upon  a  hot  concentrated 
solution  of  baric  chloride,  barium  amalgam  is  obtained,  which  is 
further  treated  as  above. 

4.  Barium  amalgam  is  also  obtained  by  passing  the  vapour  of 

2  L  2 
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potassium  or  sodium  over  baric  oxide  or  chloride  strongly  heated 
in  an  iron  tube,  and  extracting  the  mass  with  mercury. 

Properties.— Barium  is  a  pale  yellow  metal.  Its  fusina.point 
appears  to  be  higher  than  that  of  cast  iron.  It  is  rapidly  oxidised 
by  exposure  to  the  air,  and  decomposes  water  at  ordinary  tempera- 
tures like  sodium : — 

Ba    +    2OH2    =    H2    +  BaHo^. 

Water.  Baric  hydrate. 

COMPOUNDS  OF  BARIUM  WITH  TEE  HALOGENS. 

Baric  chloride,  BaCl2,OH2,  may  be  prepared  either  from  the 
native  carbonate  or  from  the  native  sulphate.  The  carbonate  is 
dissolved  in  hydrochloric  acid,  and  the  liquid  is  digested  with  an 
excess  of  the  carbonate  in  order  to  precipitate  iron  and  other 
foreign  metals  that  are  present.  The  addition  of  a  small  quantity 
of  baric  hydrate  facilitates  this  precipitation.  The  filtered  liquid 
is  acidified  with  hydrochloric  acid  and  evaporated.  In  order  to 
prepare  baric  chloride  from  the  native  sulphate,  this  mineral  is 
ground  to  a  fine  powder  and  then  strongly  heated  with  calcic 
chloride,  limestone,  and  coal.    The  following  reactions  occur  :— 

SO^Bao"    +    4C    =    BaS''    +  4C0. 

Baric  Baric  Carbonic 

sulphate.  sulphide.  ojdde. 

BaS''    +    CaCl^    =    BaCla    +  CaS". 

Baric  Calcic  Baric  Calcic 

sulphide.  chloride.  cliloride.  sulpliide. 

The  calcic  sulphide  unites  with  the  calcic  oxide  present  to  form  an 
insoluble  calcic  oxysulphide,  which  remains  beliind  when  the  baric 
chloride  is  extracted  with  water. — Baric  chloride  crystallises  ui 
colourless  lustrous  rhombic  tables,  with  2  aq.,  permanent  in  air. 
The  sp.  gr.  of  the  crystallised  salt  is  3-05.  It  has  an  unpleasant 
bitter  taste,  and,  like  all  the  soluble  salts  of  barium,  is  very  poison- 
ous. The  anhydrous  salt  is  soluble  in  3  times  its  weight  of  water 
at  10°,  and  in  about  If  times  its  weight  of  water  at  100°.  It  is 
almost  insoluble  in  concentrated  hydrochloric  and  nitric  acids ; 
in  the  dilute  acids  it  is  soluble,  but  less  freely  than  in  water. 
Absolute  alcohol  does  not  dissolve  it.  When  heated  above  100°, 
the  crystallised  salt  parts  with  its  water  of  crystallisation,  and  is 
converted  into  a  white  powder  fusible  at  a  red  heat.  Wlieu  fused 
in  air  a  small  quantity  of  the  salt  is  converted  into  baric  oxide 
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with  evolution  of  chlorine;  when  heated  in  a  current  of  steam 
hydrocliloric  acid  is  given  ofi'  below  the  fusing-point  of  the  salt, 
and  baric  hydrate  is  formed. — Baric  chloride  is  chiefly  used  in  the 
preparation  of  the  pigment  permanent  white,  which  consists  of 
artificial  baric  sulphate. 

Banc  bromide,  BaBr2,20H2,  is  prepared  by  dissolving  baric  carbonate  in  liydro- 
bromic  acid.  The  following  method  is  the  most  convenient : — 12  5  parts  of 
bromine  and  1  part  of  amorphous  phosphorus  are  brought  together  under  water. 
As  soon  as  the  colour  of  the  bromine  has  disappeared  the  liquid,  which  now  contains 
hydrobromic  and  phosphoric  acids,  is  neutralised  with  baric  carbonate,  rendered 
alkaline  with  baryta  water,  filtered  from  the  insoluble  baric  phosphate,  and  evapo- 
rated to  the  j)oint  of  crystallisation.  Baric  bromide  closely  resembles  the  chloride, 
but  is  soluble  in  absolute  alcohol. 

Baric  iodide,  BaI.2,20H.2,  is  prepared  like  the  bromide,  substituting  iodine  for 
bromine.  It  forms  large,  colourless,  rhombic  crystals,  which  are  very  deliquescent, 
and  are  soluble  in  alcohol.  When  exposed  to  the  air  it  assumes  a  reddish  tint,  owing 
to  the  liberation  of  iodine.  It  may  be  heated  in  a  closed  vessel  without  decom- 
position, but  when  heated  ia  air  the  whole  of  the  iodine  is  expelled,  and  baric  oxide 
IS  formed. 

Baric  fluoride,  BaT?'2,  is  obtained  by  neutralising  hydrofluoric  acid  with  baric 
carbonate  or  hydrate,  or  by  precipitating  a  concentrated  solution  of  baric  nitrate 
with  potassic  or  sodic  fluoride.  It  forms  a  white  granular  crystalline  powder, 
sparingly  soluble  in  water,  readily  soluble  in  nitric,  hydrochloric,  and  hydrofluoric 
acids. 

Baric  silicofluoride,  SiBa¥g,  is  precipilated  as  a  white  crystalline  powder,  when 
liydrofliiosiUcic  acid  is  added  to  the  solution  of  a  barium  salt.  It  is  almost  inso- 
luble in  water,  requiring  3,500  parts  of  cold,  and  1,200  parts  of  boiling  water  for  its 
solution ;  totally  insoluble  ia  alcohol. 

COMPOUNDS  OF  BARIUM   WITH  OXYGEN. 
Baric  oxide  (baryta)   BaO.  Ba=0. 


Baric  peroxide 


Baric  oxide,  BaO. — This  is  the  oxide  which  is  formed  by  the 
combustion  of  the  metal  in  air.  It  may  be  prepared  by  heating 
the  nitrate,  gently  at  first,  in  order  to  avoid  frothing,  and  after- 
wards to  bright  redness.  The  frothing  may  also  be  prevented  by 
mixing  the  nitrate  with  its  own  weight  of  baric  sulphate,  the  pre- 
sence of  the  insoluble  sulphate  in  the  product  not  being  objection- 
able for  many  purposes  to  which  the  baric  oxide  may  be  put,  for 
instance  in  the  preparation  of  baric  hydrate.  The  carbonate  may 
also  be  converted  into  baric  oxide  by  heating  to  a  very  high  tem- 
perature, but  the  whole  of  the  carbonic  anhydride  can  be  expelled 
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only  with  difficulty  ;  however,  hy  mixing  the  carbonate  with  carbon, 
or  with  some  substance  which  yields  carbon  when  heated,  such  as 
tar  or  resin,  the  conversion  into  baric  oxide  is  gi-eatly  facilitated, 
carbonic  oxide  being  evolved,  thus : — 

COBao"    +    C    =    BaO    +  2C0. 

Baric  Baric  Carbonic 

carbonate.  oxide.  oxide. 

Much  of  the  baryta  employed  in  sugar  refining  (p.  520)  was  prepared 
by  this  method. — Baric  oxide  is  a  greyish-white,  porous,  friable 
mass,  of  sp.  gr.  473.  It  is  fusible  in  the  flame  of  the  oxyhydrogen 
blowpipe.  It  slakes  with  water,  forming  baric  hydrate,  the  com- 
bination taking  place  with  such  energy  that,  if  an  excess  of  water 
is  avoided,  the  mass  becomes  incandescent. 

Baric  peroxide,  BaQ  J» ,  is  formed  when  baric  oxide  is  heated  to 

low  redness  in  oxygen  or  air.  Baric  hydrate  is  also  converted  into 
the  peroxide  under  these  circumstances,  but  less  readily,  inasmuch 
as  it  fuses  below  the  temperature  at  which  the  absorj)tion  of 
oxygen  occurs.  The  product  obtained  by  these  means  is  not  pure, 
a  portion  of  the  baric  oxide  or  hydrate  escaping  conversion.  It  is 
also  contaminated  with  iron,  silica,  and  other  matters  derived  from 
the  vessels  in  wliich  it  has  been  prepared.  In  order  to  obtain  the 
svibstance  in  a  state  of  purity,  the  finely-powdered  crude  product 
is  added  in  small  portions  at  a  time  to  an  excess  of  dilute  hydro- 
chloric acid,  any  considerable  rise  of  temperature  being  avoided. 
The  crude  peroxide  dissolves,  with  formation  of  baric  chloride  and 
hydroxyl  (cf.  p.  176).  To  the  solution,  after  filtering  from  inso- 
luble matters,  barj^a  water  is  carefully  added  until  the  silica  and 
ferric  pxide,  along  with  a  small  quantity  of  hydrated  baric  peroxide 
regenerated  by  the  action  of  the  hydroxyl  upon  the  baric  hydrate, 
are  precipitated : — 

|gg    +    BaHo^    =    Ba^l    +  20B.^. 

Hydroxyl.        Baric  hydrate.      Baric  peroxide.  Water. 

The  liquid  is  again  filtered,  and  then  supersaturated  with  baryta. 
In  this  way  the  whole  of  the  remaining  hydroxyl  regenerates  baric 
peroxide,  which  is  precipitated  in  minute  prisms  or  laminfe  of  the 

formula  BaQj>,80H2.    In  the  moist  condition  this  aquate  may 

be  preserved  for  any  length  of  time  in  closed  vessels,  and  forms  a 
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convenient  source  of  hydroxyl.  By  diying  at  130°  or  at  ordi- 
nary temperatures  in  vacuo,  it  is  converted  into  anhydrous 
taric  peroxide.— Baric  peroxide  forms  a  white,  impalpable  powder, 

insoluble  in  water,  but  forming  with  it  the  aquate  BEq  ,80H2. 
It  fuses  at  a  bright  red  heat,  and  is  decomposed  into  oxygen  and 
baric  oxide.  Heated  with  steam  it  evolves  oxygen  at  the  same 
temperature  at  which  the  peroxide  is  formed,  and  is  converted  into 
baric  hydrate.  Dilute  acids  dissolve  it  with  formation  of  a  barium 
salt  and  hydroxyl ;  with  concentrated  sulphuric  acid  it  forms  baric 
sulphate,  whilst  oxygen  mixed  with  traces  of  ozone  and  hydroxyl 
is  evolved.  When  heated  in  a  current  of  sulphurous  anhydride  it 
becomes  incandescent,  and  is  converted  into  baric  sulphate  : — 


SO, 


+      |gBa    =  SO,(gBay'. 


Sulpliiirous  Baric  Baric 

anhydride.  peroxide.  sulphate. 

COMPOUND  OF  BARIUM  WITH  HYDROXYL. 

Baric  hydeate,  BaHo,.— This  compound  is  formed,  with  great 
evolution  of  heat,  by  the  direct  union  of  baric  oxide  with  water. 
A  hot  concentrated  solution  of  equivalent  quantities  of  baric 
nitrate  and  sodic  hydrate  deposits,  on  coolmg,  crystals  of  baric 
hydrate.  Potassic  hydrate  may  be  substituted  for  sodic  hydrate  in 
this  reaction;  but  ammonia  does  not  precipitate  baric  hydrate 
from  solutions  of  barium  salts.  On  a  large  scale,  baric  hydrate  is 
prepared  as  follows:— By  heating  powdered  heavy-spar  with 
carbon  a  crude  baric  sulphide  is  obtained.  Moist  carbonic  anhy- 
dride is  passed  over  the  heated  sulphide,  converting  it  into  car- 
bonate : — 

BaS"    +    CO2    +    OH2    =    COBao"    +  SH,. 

Baric  Carbonic  Water.  Baric  Sulphuretted 

sulphide.        anhydride.  carbonate,  hydrogen. 

Superheated  steam  is  then  passed  over  the  heated  carbonate,  which 
parts  with  carbonic  anhydride  and  forms  baric  hydrate : — 

COBao"    -f-    OH2    =    BaHo,  +  CO,. 

Baric  Water.  Baric  Carbonic 

carbonate.  hydrate.  anhydride. 

— Baric  hydrate  crystallises  from  water  in  large  four-sided  prisms 
or  plates,  of  the  formula  BaHo,^©!!^,  which  are  soluble  in 
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20  par  s  Of  water  at  ordinary  temperatures,  and  in  3  parts  at  lOQo 
The  solution  o  the  hydrate,  generally  known  as  baryta  water  is' 
nuich  used  in  chemical  analysis,  particularly  in  the  determination 
of  carbonic  anhydride,  which  it  rapidly  absorbs,  with  formation  of 
n^oluble  banc  carbonate.  The  crystals  of  the  hydrate  are 
efflorescent,  and  when  exposed  in  vacuo  over  sulphuric  acid  civo 
off  the  greater  part  of  their  water  of  crystallisation,  leaving  a  whit, 
powder  of  the  formula  BaHo^OH,  When  heated,  the  whole  ol 
the  water  of  crystallisation  is  expeUed,  and  the  hydrate  fuses  at  a 
red  heat,  solidifying  on  cooling  to  a  crystalline  mass.  It  cannot  be 
converted  into  baric  oxide  by  the  action  of  heat  alone.  Heated  in 
a  current  of  air,  it  is  converted  into  baric  peroxide  with  elimina- 
tion 01  water : — 

BaHo,    +    0    =    Bagj    +  OH,. 

Baric  hydi-ate.  Baric  peroxide.  Water. 

Baric  hydrate  was  extensively  employed  in  sugar-refining  for  sepa- 
rating crystallisable  sugar  from  molasses.  It  forms  with  cane  su^ar 
an  insoluble  compound  of  the  formula  Cj^H^^Oj^BaO,  which  when 
suspended  m  water  and  treated  with  carbonic  anhydride  is  decom- 
posed, yielding  insoluble  baric  carbonate  and  sugar,  the  latter  dis- 
solving. Strontic  hydrate,  which,  unlike  the  barium  compound,  is 
not  poisonous,  has  of  late  been  substituted  for  baric  hydrate  in  the 
sugar  industry. 

0XY-8ALTS  OF  BARIUM. 

Baric  nitrate,  ^Q2Bao".— This  salt  is  prepared  by  dissolving 

the  carbonate  or  the  crude  sulphide  (p.  516)  in  dilute  nitric  acid. 
It  crystallises  in  colourless,  lustrous,  regular  octahedra,  of  sp.  gr. 
0-2.  It  is  soluble  in  12  parts  of  cold,  in  3  parts  of  boiling  water; 
almost  insoluble  in  concentrated  nitric  acid  ;  insoluble  in  absolute 
alcohol.  It  fuses  at  597°.  Heated  to  redness  it  decomposes, 
giving  oft'  oxygen,  nitrogen,  and  nitric  peroxide,  whilst  a  residue  of 
pure  baric  oxide  remains.  It  is  largely  employed  in  pyrotechny 
for  the  preparation  of  green  fire. 

Saric  nitrite,  ^QBao'',OH2. — ^Baric  nitrate  is  moderately  heated  so  as  to  con- 
^  crt  it  into  nitrite  ;  carbonic  anhydride  is  then  passed  into  the  solution  of  the  fused 
fait  to  precipitate  any  baryta  that  may  hare  been  formed  ;  an  excess  of  alcohol  is 
lidded  to  precipitate  unaltered  nitrate,  and  the  filtered. solution  is  eraporated  to  the 
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c-Tstallismg  point.  It  is  most  readily  prepared  pure  by  adding  baric  cUoride  to  a 
boiling  solution  of  argentic  nitrite,  and  filtering  from  the  argentic  chloride.  It 
iorms  colourless  prisms,  very  soluble  in  water. 

roci 

Scmo  chlorate,  j°Bm",OlL,,  is  formed  when  chlorine  is  passed  info  a  hot 

{oci 

solution  of  baric  hydrate,  but  its  separation  from  the  chloride  which  is  formed  at 
(  lie  same  time  is  a  matter  of  difficulty.  It  is  best  prepared  by  neutralising  a  solu- 
(  lon  of  chloric  acid  with  baric  carbonate  and  eraporating  to  the  crystalhsing  point. 
It  erystaUises  in  colourless  monoclinic  prisms,  with  I  aq.,  soluble  in  4  parts  of  cold, 
in  less  than  1  part  of  boiling  water. 

roci 

r 

Baric percMorate,  ^°Bao",40H2,  is  prepared  by  neutralising  perchloric  acid 

Loci 

with  baric  hydrate  or  carbonate.  It  crystallises  in  long  deliquescent  prisms, 
readily  soluble  in  water  and  in  alcohol. 

Baeic  cakbonate,  COBao".— This  salt  occurs  abundantly  in 
nature  as  witherite.  It  may  be  prepared  by  pouring  a  solution  of 
baric  chloride  or  nitrate  into  an  excess  of  a  solution  of  ammonic 
carbonate,  and  washing  the  precipitate  with  hot  water. — The  native 
carbonate  forms  lustrous  crystals  belonging  to  the  rhombic  system, 
ofsp.  gr.  4-29 — 4-35;  that  prepared  by  precipitation  is  a  dense 
white  powder.  It  is  insoluble  in  pm-e  water ;  slightly  soluble  in 
water  containing  carbonic  anhydride,  probably  with  formation  of 
an  unstable  acid  carbonate.  It  fuses  at  a  white  heat,  giving  off 
carbonic  anhydride  very  slowly  ;  but  it  is  more  readily  decomposed 
by  heat-  in  presence  of  carbon,  or  when  steam  is  passed  over  it 
(pp.  518  and  519).  The  artificial  carbonate  is  employed  in  chemical 
analysis.  Witherite  is  used  in  the  preparation  of  the  other  salts  of 
barium  and  as  a  rat-poison. 

Baric  sulphate,  SOgBao",  occurs  in  large  quantities  as  heavij- 
spar,  sometimes  forming  distinct  veins.  It  is  frequently  found  in 
large  rhombic  crystals.  The  sp.  gr.  of  the  mineral  varies  between 
4-3  and  4-72.  By  precipitating  solutions  of  barium  salts  with  dilute 
sulphuric  acid,  baric  sulphate  is  obtained  as  a  white  impalpable 
powder  of  sp.  gr.  4-53.  It  is  insoluble  in  water,  slightly  soluble  in 
dilute  acids.  When  freshly  precipitated  it  is  readily  soluble  in 
concentrated  sulphuric  acid  at  100°  the  solution  depositing  on 

cooling  InatTona  Tivisms  oi  dihj/dric  baric  sidphate A  Bao"   .  If  the 

LSO^Ho 

acid  solution  is  exposed  to  the  air  it  absorbs  moisture,  and  deposits 
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silky  needle,  of  a  sal,  having  the  for»„k|,!?J?°,20H,  Both 
these  salts  are  decomDospd       ,.rof       •  ■,  ,y®*^2Ho 
the  neutral  s^lt^lnxillZTj?;  ""'P''™''  ''"''^ 

under  the  „a.e  of .  Jll'^/^'^^;-'-''^  -  7'=--, 

mineral  is  also  employed  for  th^.  jA-<^e    The  finely  ground 

transparent,  and  llZtZ^^^^^  " 

^--~-.{o^;}ao.-P^^^^^^^^^^  ^^^^^^^^ 

rnX^e^;.'.r^^^^^^^         1:  -r^-  -  -  ^^O^  deposi.  lustre, 

fusing.  decomposes  at  a  dull  red  heat,  without  previously 

from  its  solution  in  Mvarm  aaLol     ,  i  °^      ^""""^  crystallises 

wedinairitisco:v:;;:irz^^^^^^    7'  ^r?^-^''^'  ^^^^^ 

fixture  of  sulphate  and  sulphide  '  ^'""'^  ^^^-1'  « 

4SOBao"       =       3SO,Bao"       +  BaS 
Banc  sulphite.  Baric  sulphate.      Baric  sulphide. 

Baric, imonate,  { |§Bao",20H..-Preparation,  see  p.  301.    This  salt  crystal- 

butltenl  led  wiS  Lto  n  "'^^  foiled  without  undergoing  decomposition  ; 
sulphate  is  pred^^^^^^^  7^^?  ^^^P^^"-  ^^^dride,  and  baric 

into^^dphur  rhT^ya^dt^^^^^^^^^  ^-^^ 

{sOp^°"    =    SOoBao"     +  SOj. 

Baric  Baric  Sulphurous 

dithionate.  sulphate.  anhydride. 

Baric  dithionate  is  employed  in  the  preparation  of  the  other  dithionatee. 

Baric  thiosul^hate,  SO,      Ba  )",OII„  is  obtained  as  a  sparingly  soluble  crystal- 
line precipitate,  when  sodic  thiosulphate  is  added  to  a  solution  of  baric  chloride. 

Baric  orthophosphate,  ^oll^'^Bao'^m^,  is  prepared  by 
adding  hydric  disodic  orthophosphate  to  a  solution  of  baric  chloride 
rendered  strongly  alkaline  with  ammonia.  It  forms  a  white  pre- 
cipitate, insoluble  in  water,  soluble  in  dilute  nitric  and  hydrocliloric 
acids.— Ri/dric  iaric  orthophosphate,  POHoBao",  is  precipitated 
when  hydric  disodic  orthophosphate  is  added  to  neutral  solutions 
of  barium  salts.  It  is  a  white  crystalline  powder,  slightly  soluble 
m  water,  readily  soluble  in  dilute  acids.— Tctrah^/dnc  baric  ortho- 
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.nospUte,  ?gi°^Bao",  is  obtained  by  evaporating  a  solution  of  the 

.onacid  salt  in%bospbonc  acid.  ^.^^^^^^^ 
apparently  triclinic,  with  an  acid  reaction.    It  is  soluble  jii 
decompoition  in  a  small  quantity  of  water;  excess  of  ^^t^^ 
dpTtates  the  monacid  salt,  whilst  free  phosphoric  acid  remains  m 
solution. 

COMPOUNDS  OF  BARIUM  WITH  8ULPEUB. 

Baric  sulphide,  BaS^  is  obtained  by  passing  sulphuretted 
hydro-en  over  the  heated  oxide.    It  is  prepared  on  a  large  scale 
by  heating  heavy-spar  with  carbon.    The  materials  must  be 
thoroughly  incorporated;  otherwise,  owing  to  their  mfusibility,  the 
action  will  be  only  partial.  The  finely  ground  heavy-spar  is  mixed 
with  powdered  bituminous  coal;  the  latter  fuses,  yielding  by  its 
decomposition  a  carbon  wliich  permeates  the  entire  mass  ot  tne 
sulphate,  and  insures  its  complete  reduction.  The  sulphide  obtained 
by  this  method  is  always  contaminated  with  the  excess  of  carbon, 
and  is  only  used  for  the  preparation  of  the  various  salts  of  barium 
(see  p.  519).    Baric  sulphide  forms  a  white  mass,  which,  when 
exposed  to  the  air,  absorbs  water,  oxygen,  and  carbonic  anhydride, 
and  is  graduaUy  converted  into  a  mixture  of  sulphate  and  carbo- 
nate.   Water  dissolves  it,  but  the  solution  contains  a  mixture  ot 
hydrate  and  sulphhydrate : — 

2BaS"    -f-    2OH2    =    BaHo2    +  BaHs^. 

Baric  Water.  Baric  Banc 

sulphide.  hydrate.  sulphhydrate. 

The  so-called  Bolognian  phosphorus  is  a  sulphide  of  barium 
prepared  by  heating  5  parts  of  precipitated  baric  sulphate  with 
1  part  of  carbon.    It  must  be  sealed  up  while  still  hot  m  glass 
tubes.    After  exposure  to  sunlight,  or  to  any  other  light  rich  m 
chemically  active  rays,  it  displays  in  the  dark  a  brilliant  orange- 
coloured  light,  and  retains  this  phosphorescent  property,  though 
with  gradually  diminishing  intensity,  for  some  time.   The  lumi- 
nosity may  be  renewed  indefinitely  often  by  fresh  exposure  to 
light.   Tlie  sulphides  of  calcium  and  strontium  are  also  phos- 
phorescent, and  emit' a  green,  blue,  violet,  or  red  light  according  to 
the  mode  of  preparation.    These  various  sulphides  are  at  present 
manufactured  under  the  name  of  luminous  paints,  and  are  employed 
for  coating  clock-faces,  match-boxes,  and  other  objects  which  it  is 
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desired  to  render  luminous  in  the  clavV  Tf 

ti.at  tj.e.  paint.  „.a,  i^^^er.^  .ii::;::^:^^ 

they  should  be  protected  from  the  moisture  ot  the Tl,i, 
effected  by  a  transparent  coating  of  glass  or  varnish  " 

It  i8  readily  soluble  in  ^ater.  ^      ^'^  '"'^"^'^S  the  solution  to  cool. 

Various  other  poljsulphides  of  barium  have  been  nrenarprl  Tl 
compounds,  which  in  contact  with  xu„f».         i        Prepared.    They  are  unstable 
tetrasulphide.  decomposed  with  formation  of  the 

COMPOUND  OF  BA'SIUM  WITS  STBROSULPEYL 

baric  hydrate  3  slhureSd  f  ^77'^'^'^^'' -^-^t-g  solution  of 

tals,  containing  watrof'l;:^^^^^^^^  "^^^^^ 
■  with  the  watei  of  crystamsa7on  and  at  «  V  I'  ^^^'^^^i^^  °f  -r.  i^P-t. 

hydrogen,  whUst  J:^^^-^:'::!^'  '^"^^^^^'""^  ^^"^^'^^  ^^^l''^-^"^'^ 

General  Properties  and  Eeagtions  of  the  Compounds  of 

T.  ?      '      ^^'^''"^  ^^^^  colourless  acids  are  colourless. 

The  soluble  salts  have  a  bitter  taste  and  are  poisonous.  Baric  chloride 
and  banc  nitrate  are  both  insoluble  in  absolute  alcohol.  SulpJmrio 
acid  and  soluble  szdphates  produce  in  solutions  of  barium  salts  a  white 
precipitate  of  baric  sulphate  insoluble  in  dilute  acids.  Alkali7ie 
carbonates  precipitate  baric  carbonate.  HydroflmsiLicic  add  gives 
a  colourless  crystalline  precipitate  of  baric  sdicofluoride.  Fotassk 
chromatc  and  potassic  dichromate  precipitate  yellow  baric  chromate 
insoluble  m  acetic  acid.  Barium  salts  colour  the  non-luminous 
flame  yellowish-green.  Of  the  numerous  lines  in  the  complex 
spectrum,  the  two  green  lines,  Baa  and  Ba^  are  the  brightest. 

STRONTIUM,  Sr. 

Atomic  weiglit  =  87-5.  Probable  molecular  weight  =  87-5. 
Sp.  gr.  2-5.  Fuses  at  a  red  heat.  Atomicity  ".  Evidence  oj 
atomicity : — 

Strontic  chloride    Sr"Cl2. 

Strontic  hydrate    . ,   Sr"Ho2. 

Strontic  oxide    Sr"0. 

History. —Ro^Q  showed  in  1792  tliat  the  mineral  strontianite 
contained  a  new  earth.  The  metal  was  first  isolated  bv  Davy  iu 
18U8. 
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Occurrence. — Strontium  occurs  as  carbonate  in  strontianite,  and 
as  sulphate  in  celestine.  Traces  of  it  are  present  as  carbonate  in 
many  kinds  of  limestone,  marble,  and  chalk.  It  also  occurs  in 
minute  quantities  as  chloride  and  salpliate  in  brine-springs, 
mineral  waters,  and  sea- water. 

Preparation. — Strontium  is  most  readily  prepared  by  the  elec- 
trolysis of  the  fused  chloride.  By  this  means  it  is  obtained  in 
coherent  pieces  sometimes  weighing  half  a  gram. — By  heating  a 
saturated  solution  of  strontic  chloride  with  sodium-amalgam,  an 
amalgam  of  strontium  is  formed,  from  which  the  mercury  may  be 
expelled  by  heating. 

Properties. — Strontium  is  a  yellow  malleable  metal.  It  under- 
goes rapid  oxidation  on  exposure  to  the  air,  burns  with  a  brilliant 
light  when  heated,  and  decomposes  water  at  ordinary  tempera- 
tures. 

COMPOUNDS  OF  STRONTIUM  WITH  THE  HALOGENS. 

Strontic  chloride,  SrClojGOHj,  is  prepared  like  tlae  barium 
salt  (p.  516).  It  crystallises  in  deliquescent  hexagonal  needles  or 
prisms  of  sp.  gr.  1'603,  readily  soluble  in  water,  soluble  also  iu 
alcohol.  When  heated,  it  parts  with  its  water  of  crystallisation, 
leaving  the  anhydrous  salt  in  the  form  of  a  white  powder,  which 
fuses  at  a  higlier  temperature.  The  anhydrous  chloride  absorbs 
dry  ammonia,  forming  the  compound  SrCl2,8NH3. 

Strontic  bromide,  SrBr2,60il2)  is  prepared  like  the  barium  salt  (p.  517).  It 
resembles  strontic  chloride  in  its  proi^erties. 

Strontic  iodide,  SrljjTOHo,  is  prepared  like  the  barium  salt  (p.  517).  It  crys- 
talhses  in  six-sided  plates,  and  is  very  soluble.  "When  heated  iu  air  it  parts  wilh 
iodine,  and  is  converted  into  strontic  oxide. 

Strontic  fluoride,  SrFj,  is  prepared  like  the  barium  salt  (p.  517),  which  it  also 
resembles  in  its  properties. 

Strontic  sillcofluoride,  SiSrPg.BOFo,  is  obtained  by  neutralising  hydrofluosilicie 
acid  with  strontic  carbonate,  and  evaporating  to  the  crystallising  point.  It  forms 
monoclinic  crystals,  readily  soluble  in  water. 

COMPOUNDS  OF  STRONTIUM  WITH  OXYGEN  AND 

HYDROXYL. 

Strontic  oxide,  Strontia     SrO,  Sr=0. 

01 

Strontic  peroxide   . .  .      Sr..  V  Sr^  | . 

J  \o 

Strontic  hjdrate   Srlloj.    H— 0— Sr— 0— H. 
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oJeTv'ZrU  T""'-^''''  P^^P-^^  ^^ke  baric 

oxide  (p.  517)     It  forms  a  greyish-white,  infusible,  porous  mJ 

resembling  baric  oxide  in  its  properties  and  reactions  It  comble 
with  water  to  form  strontic  hydrate,  SrHo^.  combmes 

Strontic  peroxide,  Srg},  separates  in  lystaUine  lamina  with 
8  aq  when  a  solution  of  hydroxyl  is  added  to  an  excess  of  a  solu- 
tion  of  strontic  hydrate.  In  dry  air  or  when  heated  to  130°  it 
parts  with  Its  water  of  crystaUisation,  leaving  the  pure  peroxide'^ 
a  white  powder  This,  when  heated  to  re3ness,'evolv's  oxygen 
and  IS  converted  into  strontic  oxide,  without  however  first  fu^n^ 
as  m  the  case  of  banc  peroxide.  °' 

Strontic  hydrate,  SrHo„80H„  is  formed  as  above  by  the  action 
of  water  upon  strontic  oxide.  It  resembles  baric  hydrate,  but  is 
somewhat  less  soluble  in  water,  and,  when  strongly  heated,  parts 
with  water  and  is  reconverted  into  the  oxide. 


OXY-SALTS  OF  STRONTIUM. 
NO, 


Strontic  nitrate,  ^^2Sro"._This  salt  is  prepared  by  dissolv- 
ing the  native  carbonate  in  nitric  acid.  It  crystaUises  from  hot 
concentrated  solutions  on  cooling  in  anhydrous  octahedra  of  sp.  gr. 
2-96,  and  from  cold  dQute  solutions  in  large  monoclinic  prisms 
with  4  aq.,  which  effloresce  when  exposed  to  the  air.  It  is  soluble 
in  twice  its  weight  of  water  at  15°,  and  in  its  own  weight  of  water 
at  100°,  but  is  insoluble  in  alcohol.— Strontic  nitrate  is  employed 
in  pyrotechny  in  the  manufacture  of  red  fire. 

roci 

Strontic  cUorate,  |  °Sro",50H2,  is  prepared  by  dissolving  the  carbonate  in 

loci 

chloric  acid.    It  forms  deHquescent  crystals,  very  soluble  in  water.  ' 

Strontic  carbonate,  COSro",  occurs  native  as  strontianite  in 
rhombic  crystals,  isomorphous  with  those  of  arragonite,  one  of  the 
forms  of  native  calcic  carbonate.  It  is  obtained  as  a  white  insolu- 
ble precipitate  when  an  alkaline  carbonate  is  added  to  the  solution 
of  a  strontium  salt. 

Strontic  sulphate,  SOgSro",  occurs  native  as  celestine  in 
rhombic  crystals,  or  in  fibrous  masses,  generally  of  a  light  blue 
colour,  from  which  property  the  name  of  the  mineral  is  derived. 
Sulphuric  acid  precipitates  strontic  sulphate  as  a  white  powder 
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from  solutions  of  strontium  salts.  The  precipitate  is  generally 
crystalline,  and  has  a  specific  gravity  of  3-07.  It  is  slightly  solu- 
ble in  cold,  less  sohible  in  hot  water;  the  presence  of  acids 
increases  the  solubility.  The  aqueous  solution  produces  in  solu- 
tions of  barium  salts  a  strong  turbidity.  It  fuses  at  a  bright  red 
heat,  yielding  a  vitreous  mass  on  cooling.  When  digested  with 
solutions  of  alkaline  carbonates  in  the  cold,  or  with  hot  mixed 
solutions  of  2  parts  of  potassic  carbonate  with  1  part  of  potassic 
sulphate,  it  is  completely  converted  into  strontic  carbonate,  a 
property  sharply  distinguishing  it  from  baric  sulphate,  which 
under  these  circumstances  undergoes  no  change.  With  concen- 
trated sulphuric  acid,  strontic  sulphate  behaves  like  baric  sul- 
phate (p.  521),  yielding  an  acid  salt  which  is  decomposed  by  excess 
of  water  into  the  normal  salt  and  free  sulphuric  acid. 

Strontic  sulphite,  SOSro". — Prepared  like  the  barium  salt  (p.  522),  which  ft 
also  resembles. 

r  SO. 

Strontic  dithionate,  -j  gQ-Sro",OH2- — Prepared  like  the  bariizm  salt  (p.  522). 

Very  soluble  hexagonal  crystals. 

Strontic  thiosulpTiate,  BO^y^„'B>T  J  ,50H2,  is  prepared  by  dissolving  sulphm-  in 

a  solution  of  strontic  hydrate,  and  then  saturating  with  sulphurous  anhydride  (cf. 
p.  298) .    It  forms  lustrous  monoclinic  crystals,  readily  soluble  La  water. 

The  ortAophosphates  of  strontium  correspond  closely,  both  ia  properties  and 
mode  of  preparation,  with  those  of  barium. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Strontium. — The  salts  of  strontium  closely  resemble  those  of 
barium.  Those  formed  with  colourless  acids  are  colourless.  The 
soluble  salts  have  a  bitter  taste,  but  are  not  poisonous.  Strontic 
chloride  is  soluble  in  absolute  alcohol ;  strontic  nitrate  is  insoluble 
in  this  solvent.  From  solutions  of  strontium  salts  alkcdine  carbonates 
precipitate  strontic  carbonate.  Strontic  sulphate  is  slightly  soluble : 
a  solution  of  this  salt  produces  in  solutions  of  barium  salts  a  precipi- 
tate of  baric  sulphate.  Hydrofluosilicic  add  and  soluble  chromates 
give  no  precipitate  with  strontium  salts.  Strontium  compounds 
colour  the  non-luminous  flame  a  brilliant  red.  The  flame-spectrum 
is  complex :  the  lines  Sra  in  the  orange,  Sr/3  and  Sr7  in  the  red, 
and  SrS  in  the  blue  are  the  brighest. 
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CALCIUM,  Ca. 


Atomic  wdglii  =  40.     Probable  molecular  weight  =  40     Sp  r,r 
1-578.    Atomicitij  ".     mdence  of  atomicity  :— 


Calcic  chloride   Ca"Cl 

Calcic  hydrate   Ca"Ho 

Calcic  oxide   Ca"0 


History.—Um^,  and  its  use  in  the  preparation  of  mortar  have 
been  known  from  the  earliest  times.  The  metal  was  first  isolated 
by  Davy  m  1808. 

Occurrence.~T\iQ  compounds  of  calcium  occur  in  nature  in 
enormous  quantities  and  widely  diffused.  As  carbonate  it  occurs 
under  a  great  variety  of  forms,  as  caU-s^ar,  marble,  limestone,  &c 
(Calcic  sulphate  also  occurs  in  large  quantities :  either  as  the  anhy- 
drous sulphate  (SO^Cao")  in  a7ihydrite,  or  as  tetrahydric  calcic 
sulphate  (SHo^Cao")  in  gypsum.  The  compound  silicates  of 
calcnim  M-ifch  other  metals  form  a  series  of  minerals  which  are 
among  the  proximate  constituents  of  the  various  rocks.  From  the 
rocks  and^  soils  it  is  extracted  by  the  water  which  percolates 
through  them,  so  that  spring  and  river  water  are  rarely  free  from 
salts  of  calcium,  chiefly  the  carbonate  and  sulphate.  Calcium  is 
necessary  to  the  existence  of  most  forms  of  organised  matter :  in 
combination  with  various  organic  acids  it  occurs  in  plants,  whilst 
the  bones  of  animals  contain  calcic  phosphate  and  carbonate. 
Spectrum  analysis  has  demonstrated  the  presence  of  calcium  in  the 
sun.  and  in  some  of  the  fixed  stars. 

Preparation. — Davy  prepared  impure  calcium  in  the  form  of  a 
metallic  powder  by  electrolysing  calcic  chloride  with  mercury  as  a 
negative  electrode,  and  heating  the  calcium  amalgam  so  as  to  expel 
the  mercury.  It  is  most  readily  prepared  by  the  electrolysis  of 
the  fused  chloride.  Pieces  of  pure  calcium  weighing  as  much 
as  four  grams  may  be  thus  obtained.  Another  method  consists  in 
heating  calcic  iodide  with  sodium.  Calcium  is  also  very  readily 
obtained  by  heating  to  redness  a  mixture  of  3  parts  of  fused  calcic 
chloride,  4  parts  of  zinc,  and  1  part  of  sodium,  when  an  alloy  of 
zinc  and  calcium,  containing  from  10  to  16  per  cent,  of  the  latter 
metal,  collects  at  the  bottom  of  the  crucible.  This  alloy  is  trans- 
ferred to  a  crucible  made  of  gas  coke,  which  is  packed  inside  a 
larger  Hessian  crucible,  and  the  whole  is  heated  to  a  temperature 
sufiiciently  high  to  volatilise  the  zinc.     The  fused  calcium,  wliich 
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romaiiis  as  a  button  at  the  bottom  of  the  coke  crucible,  is  not  so 
pure  as  that  obtained  by  electrolysis. 

Properties. — Calcium  is  a  yellow  metal,  lustrous  when  freshly 
cut.    It  is  about  as  hard  as  gold,  and  is  very  malleable.     It  does 
not  oxidise  readily  in  dry  air,  but  in  moist  air  it  speedily  becomes 
coated  with  hydrate,  the  action  gradually  extending  throughout 
the  whole  mass.    It  decomposes  water  at  ordinary  temperatures 
with  violent  evolution  of  hydrogen.     Dilute  nitric  acid  dissolves 
it,  the  reaction  taking  place  with  sach  violence  that  the  metal 
sometimes  inflames.     Concentrated  nitric  acid,  on  the  other  hand, 
is  without  action  upon  calcium  at  ordinary  temperatures,  a  freshly- 
cut  surface  of  the  metal  remaining  bright  in  contact  with  the 
acid  ;  and  it  is  not  until  the  temperature  has  been  raised  to  near 
the  boiling-point  of  the  acid  that  oxidation  takes  place.    This  phe- 
nomenon is  analogous  to  that  of  the  so-called  "  passive  state  "  of 
iron  {q.v).   When  heated  in  air,  calcium  burns,  emitting  a  brilliant 
yellow  light. 

COMPOUNDS  OF  CALCIUM  WITH  THE  HALOCENS. 

Calcic  chloride,  CaCla.BOHj,  occurs  in  sea-water,  river- 
water,  and  spring-water.  It  is  obtained  as  a  by-product  in  several 
manufacturing  operations,  as  for  example  in  the  preparation  of 
ammonia  (p.  244),  of  potassic  chlorate  (p.  186),  &c.  In  order  to 
prepare  pure  calcic  chloride  from  a  crude  manufacturing  product, 
or  from  the  product  obtained  by  dissolving  marble  in  hydrochloric 
acii,  chlorine-water  is  added  to  the  solution  until  the  smell  of  the 
chlorine  can  be  distinctly  perceived.  By  this  means  any  man- 
ganous  or  ferrous  compounds  which  may  be  present  are  oxidised. 
Milk  of  lime  is  added  until  the  solution  is  alkaline,  the  liquid  is 
heated,  and  the  precipitate,  consisting  of  ferric,  manganic,  and 
aluminic  hydi-ates,  together  with  the  excess  of  lime,  is  filtered  off. 
The  solution  is  acidified  with  pure  hydrochloric  acid  and  eva- 
porated either  to  the  crystallising  point  or  to  dryness,  according  to 
the  purpose  for  which  the  salt  is  required.— Calcic  chloride  crystal- 
lises in  large  transparent  hexagonal  prisms  of  the  formula 

CaCl2,60H2, 

isomorphous  with  those  of  strontic  chloride,  soluble  in  half  their 
weight  of  water  at  0°  and  in  one  quarter  of  their  weight  at 
16°.  The  crystals  fuse  at  29°  in  their  water  of  crystallisation,  and 
are  therefore  soluble  in  hot  water  in  all  proportions.    They 'deli- 
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quesce  when  exposed  to  the  air,  yielding  an  oily  liquid  Concen 
trated  solutions  of  calcic  chloride  boil  at  a  much  higher  tempera- 
ture than  pure  water,  and  are  employed  in  the  laboratory  as  baths 
when  constant  temperatures  above  100°  are  required.  In  vacuo 
over  sulphuric  acid  the  crystallised  salt  parts  with  4  aq  •  the 
remaining  2  aq.  can  be  expelled  only  above  200°.  The  anhydrous 
salt  thus  obtained  is  a  white  porous  mass  which,  when  heated  to 
redness,  fuses  and,  if  the  fusion  be  performed  with  free  access  of 
air,  acquires  an  alkaline  reaction,  owing  to  the  conversion  of  a 
small  quantity  of  the  chloride  into  oxide.  On  cooling,  the  fused 
salt  solidifies  to  a  colourless,  translucent,  crystalline  mass,  of  sp.  gr. 
2-205.  The  anhydrous  salt,  both  in  the  porous  and  in  the  fustd 
form,  absorbs  water  with  great  avidity,  and  is  therefore  used  for 
drying  gases  and  Hquids.  The  porous  form  is  best  suited  for 
drying  gases,  on  account  of  the  greater  surface  which  it  exposes ; 
whilst,  in  the  case  of  liquids,  fused  calcic  chloride  is  preferred,  as 
the  porous  variety  would  absorb  too  much  of  the  liquid  to  be  dried. 
The  anhydrous  salt  dissolves  in  water  with  evolution  of  heat.  It 
is  also  soluble  in  absolute  alcohol,  forming  with  it  a  crystallised 
compound,  which  is  decomposed  by  water.    The  aquate, 

CaCl2,60H2, 

dissolves  in  water  with  great  absorption  of  heat,  and  when  mixed 
with  snow  in  the  proportion  of  1-44  parts  of  the  former  to  1  of  the 
latter,  produces  a  depression  of  temperature  equal  to  -  54-9° 
(Hammerl).— When  a  solution  of  calcic  chloride  is  boiled  with 
calcic  hydi-ate  and  filtered  hot,  it  deposits  on  cooling  white  acicular 

rcaci 

crystals  of  dicalcic  oxyclilorhydrate,  <  0      ,10^.^. — Anhydrous 

LCaHo 

calcic  chloride  absorbs  gaseous  ammonia  with  great  avidity,  form- 
ing the  compound  CaCl2,8NH3  as  a  white  powder,  which,  by  the 
action  of  water  or  of  heat,  or  by  exposure  to  the  air,  is  resolved 
into  its  constituents.  Owing  to  this  property  of  absorbing  ammo- 
nia, calcic  chloride  cannot  be  employed  in  drying  that  gas. 

Calcic  bromide,  CaBrj. — Prepared  like  baric  bromide  (p.  517).  Eesemblcs 
calcic  chloride  in  its  properties. 

Calcic  iodide,  Calj. —Prepared  like  baric  iodide  (p.  517).  Eesembles  calcic 
chloride  in  most  of  its  properties.  When  heated  in  contact  with  air  it  parts  witli 
the  whole  of  its  iodine,  yielding  calcic  oxide. 

Calcic  Fluoeide,  CaF2,  occurs  abundantly  in  nature  as  finor- 
spar,  sometimes  massive,  sometimes  crystallised  in  octahedra,  cubes 
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and  other  forms  belonging  to  the  regular  system.  When  pure  it  is 
colourless,  but  the  mineral  generally  exhibits  a  variety  of  tints — 
blue,  violet,  green,  red,  &c. — due  to  the  presence  of  impurities.  It 
also  occurs  in  the  ashes  of  plants,  in  bones,  and  in  the  enamel  of 
the  teeth.  It  is  formed  as  a  granular  powder  when  calcic  hydrate 
or  carbonate  is  digested  with  aqueous  hydrofluoric  acid,  and  as  a 
gelatinous  precipitate,  when  a  soluble  fluoride  is  added  to  the  solu- 
tion of  a  calcium  salt.  It  can  be  artificially  obtained  in  microscopic 
octahedra  by  heating  the  precipitated  salt  with  very  dilute  hydro- 
chloric acid  for  several  hours  in  sealed  tubes  to  240°,  or  by  heating 
calcic  silicofluoride  with  a  solution  of  calcic  chloride  to  250°.  It 
dissolves  in  2000  parts  of  water  at  15°,  and  is  somewhat  more 
soluble  in  dilute  acids.  Fluor-spar  phosphoresces  in  the  dark  when 
heated.  At  a  red  heat  it  fuses  without  decomposition.  Fluor-spar 
is  employed  as  a  flux  in  various  metallurgical  operations.  The 
brilliantly  coloured  varieties  are  manufactured  into  ornamental 
vases,  dishes,  and  other  articles. 

Calcic  silicofluoride,  SiCaFg,20H2' — Prepared  by  dissolving  calcic  carbonate  in 
hydrofluosUicic  acid  and  evaporating  to  the  crystallising  point.  Soluble,  mono- 
clinic  crystals. 


COMPOUNDS  OF  CALCIUM  WITH  OXYGEN. 
Calcic  oxide    CaO.  Ca=0. 

Calcic  peroxide  ... .     CaQj-.       Ca<^  | . 

Calcic  oxide  {Quicklime),  CaO. — This  substance  is  prepared  on 
a  large  scale  by  burning  limestone  or  chalk  (impure  calcic  carbo- 
nate) in  kilns.  In  the  continuous  process  of  lime-burning,  now 
frequently  employed,  the  limestone  mixed  with  coal  is  introduced 
at  the  top  of  the  furnace,  and  the  quicklime  withdrawn  at  the 
lower  part.  Calcic  oxide  may  be  obtained  on  a  small  scale  by 
strongly  heating  pure  marble  or  calc-spar  in  a  crucible  with  a  per- 
forated bottom,  this  arrangement  being  adopted  to  allow  the 
furnace  gases  to  pass  over  the  heated  carbonate,  and  thus  assist 
the  decomposition  by  carrying  off  the  carbonic  anhydride  as  fast  as 
it  IS  evolved.  In  an  atmosphere  of  carbonic  anhydride  calcic  car- 
bonate may  be  heated  to  whiteness  without  change.  Calcic  oxide 
forms  a  white  amorphous  mass,  of  sp.  gr.  3-08.  It  is  infusible  at 
the  highest  temperatures  which  can  be  artificially  produced.  "When 
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heated  in  the  oxyhydrogen  flame,  it  emits  an  intense  light,  this 
arrangement  constituting  the  so-called  lime-light.  When  exposed 
to  the  air,  it  absorbs  water  and  carbonic  anhydride,  and  is  converted 
into  carbonate.  It  combines  with  water  to  form  calcic  hydrate : 
when  large  pieces  of  lime  are  moistened  with  water,  they  speedily 
become  very  hot,  give  off  steam,  and  crumble  to  a  white  powder— 
a  process  which  is  known  as  the  slaking  of  the  lime.  Quicklime 
is  employed  in  the  laboratory  for  drying  gases  and  liquids. 

Calcic  peroxide,  Ga!^^  . — Prepared  like  Btrontic  peroxide  (p.  526),  which  it 
closelj  resembles. 

COMPOUND  OF  CALCIUM  WITH  HYBBOXYL. 

Calcic,  hydrate  {slaked  lime\  CaHo2,  is  obtained  as  above 
by  slaking  lime  with  water.  It  forms  a  white  amorphous 
powder,  of  sp.  gr.  2-078.  It  is  sparingly  soluble  in  water,  and 
less  soluble  in  hot  than  in  cold  water,  one  part  of  the  hydrate 
dissolving  in  600  to  700  parts  of  water  at  ordinary  tempera- 
tures, and  requiring  twice  that  quantity  at  100°.  The  solution, 
which  is  known  as  lime-water,  has  an  alkaline  reaction,  and 
absorbs  carbonic  anhydride  from  the  air,  forming  a  precipitate  of 
insoluble  calcic  carbonate  ;  vi^hen  evaporated  in  vacuo,  it  deposits 
small  tabular  or  prismatic  crystals  of  calcic  hydrate.  When  lime- 
water  is  prepared  from  ordinary  lime,  it  is  best  to  treat  the  slaked 
lime  several  times  with  water  in  order  to  remove  traces  of  baric 
and  strontic  hydrates  and  soluble  salts  of  the  alkalies,  with  which 
it  is  usually  contaminated,  before  using  it  to  make  the  solution. 
Milk  of  lime  is  calcic  hydrate  mixed  with  a  quantity  of  water  in- 
sufficient for  its  solution,  and  thus  forming  a  thick  milky  liquid. 
At  a  red  heat  calcic  hydrate  is  decomposed  into  calcic  oxide  and 
water.  When  made  into  a  paste  with  water  and  exposed  to  the 
air,  it  gradually  solidifies  to  a  hard  mass,  and  the  action  is  more 
rapid  when  sand  is  mixed  with  the  lime.  Such  a  mixture  of  one 
part  of  freshly  slaked  lime,  made  into  a  paste  with  water,  and 
three  or  four  parts  of  sharp  sand,  constitutes  ordinary  hdlding 
mortar.  The  hardening  or  setting  of  mortar  is  due  to  the  forma- 
tion of  calcic  carbonate  and  not,  as  was  formerly  supposed,  to  a 
gradual  combination  of  the  sand  with  the  lime  to  form  calcic  sili-  \ 
cate.  The  sand  merely  acts  by  its  mass  in  preventing  a  too  great 
contraction  of  the  calcic  hydrate  whilst  setting-  Hydra%dic  mortar 
or  Roman  cement,  which  has  the  property  of  setting  under  water,  . 
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is  prepared  from  a  limestone  containing  silica  or  clay  (aluminic 
silicate).  This  limestone  requires  care  in  burning :  if  the  tempera- 
ture be  permitted  to  rise  too  high  the  lime  is  vitrified  and  will  not 
slake.  The  lime  thus  prepared  consists  of  a  mixture  of  calcic  and 
aluminic  silicates,  and  combines  with  water,  without  sensible  eleva- 
tion of  temperature,  to  form  a  hard  mass  upon  which  water  has  no 
further  action.  Portland  .cement  is  a  hydraulic  mortar  prepared  from 
chalk  and  clay  found  in  the  valley  of  the  Medway.  Lime  is  also  used 
in  tanning  for  removing  hair  and  wool  from  skins ;  in  the  prepara- 
tion of  the  caustic  alkalies  (p.  460) ;  in  sugar  refining,  for  precipi- 
tating acids  and  nitrogenous  substances  from  the  juice ;  and  as  a 
manure,  in  order  to  render  clay  soils  lighter. 

OXYSALTS  OF  CALCIUM. 

Calcic  nitrate,  ^Q2Cao",40H2,  occurs  as  an  efSorescence 

on  moist  walls,  particularly  in  stables  and  other  places  where 
there  is  much  organic  refuse.  It  is  contained  in  fertile  soil,  and  in 
great  quantity  in  the  soil  of  nitre  plantations  (p.  224).  It  may  be 
prepared  by  dissolving  the  carbonate  in  nitric  acid.  Calcic  nitrate  is 
deposited,  by  slow  evaporation  from  concentrated  aqueous  solutions, 
in  monoclinic  crystals  with  4  aq.  The  anhydrous  salt  is  a  white 
deUquescent  mass.    It  is  soluble  also  in  alcohol. 

Calcic  nitrite,  ^QCao'^OHj.— Prepared  like  the  barium  salt  (p.  520).  Colour- 
less, Tery  soluble  prisms. 

[OCl 

Calcic  chlorate,   \  QCao",20H2. — Prepared  like  the  barium  salt  (p.  521.  See 
I  OCl 

also  preparation  of  potassic  chlorate,  p.  185).    Very  soluble,  deliquescent  crystals. 

OCl 

Calcic  hypochlorite,  QQj^Ca,  is  difficult  to  prepare  in  a  state 

of  purity.  It  is  formed,  along  with  calcic  chloride,  when  chlorine  is 
passed  into  cold  milk  of  lime : — 

2CaHo2         2CI2    =    ^gjca    +    CaCl^    +  2OH2. 

Calcic  hydrate.  Calcic  Calcic  Water. 

hypochlorite.  chloride. 

Bleaching  poiocler  or  cJiloride  of  lime,  the  substance  obtained  by  the 
action  of  chlorine  upon  dry  slaked  lime,  was  formerly  considered 
to  be  a  mixture  of  calcic  hypochlorite  with  calcic  chloride ;  but 
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most  chemists  at  present  regard  it  as  calcic  chloro-hvpochloritP 
Ca(OCl)Cl:— 

CaHo2    +    CI2    =    Ca(OCl)Cl   +  OH^. 

Calcic  Calcic  chloro-  Water, 

hydrate.  hypochlorite. 

The  dry  slaked  lime  is  spread  in  a  layer  on  the  floor  of  a  long,  low- 
roofed  chamber,  of  lead  or  flagstones,  into  which  the  chlorTne  is 
passed.  In  practice  it  is  not  found  possible  to  eflfect  the  absorp- 
tion of  the  entire  quantity  of  chlorine  corresponding  to  the  above 
equation :  the  commercial  product  contains  from  20  to  35  per  cent, 
of  available  chlorine — that  is,  chlorine  which  is  liberated  as  such 
when  the  bleaching  powder  is  treated  with  sulj)huric  or  hydro- 
chloric acid  : — 

Ca(OCl)Cl    +    SO^Ho,   =    SO^Cao"   +    OH^   +  Cl^. 

Calcic  chloro-  Sulphuric  Calcic  Water, 

hypochlorite.  acid.  sulphate. 

Water  converts  calcic  chloro-hypochlorite  into  a  mixture  of  calcic 
chloride  and  calcic  hypochlorite  : — 

2Ca(0Cl)Cl   =    CaCl^    +  CaCOCl)^. 

Calcic  chloro-  Calcic  Calcic 

hypochlorite.  chloride.  hypochlorite. 

A  solution  of  bleaching  powder,  filtered  from  the  unattacked  calcic 
hydrate  which  the  commercial  product  always  contains,  and  evapo- 
rated in  vacuo,  deposits  crystals  of  calcic  hypochlorite  of  the 
formula  Ca(0Cl)2,4OH2.    Owing  to  its  instability,  this  salt  is 
difficult  to  obtain  pure.    Bleaching  powder  is  a  white  powder  with 
a  faint  odour  of  hypochlorous  acid.    When  heated  to  redness,  it 
evolves  oxygen  with  formation  of  calcic  chloride.  Concentrated 
solutions  also  give  off  oxygen  on  boiling,  and  even  dilute  solutions 
may  be  made  to  part  with  the  whole  of  their  oxygen  by  boiling 
them  with  a  small  quantity  of  the  hydrates  of  cobalt,  nickel,  man- 
ganese, iron,  &c.  (p.  162).    In  closed  vessels  it  undergoes  decom- 
position from  causes  not  understood,  this  decomposition  occasionally 
taking  place  with  such  violence  as  to  give  rise  to  explosions.  Its 
chief  employment  is  in  bleaching.    In  this  operation  the  cloth  is 
first  dipped  in  a  dilute  solution  of  bleaching  powder  and  afterwards 
pa,ssed  through  very  dilute  sulphuric  or  hydrochloric  acid.  The 
hypochlorous  acid  is  thus  liberated  in  presence  of  hydrochloric 
acid — the  latter  being  either  added  as  such  or  set  free  from  the 
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calcic  chloride  by  the  sulphuric  acid— and  these  two  acids  mutually 
decompose  each  other  with  liberation  of  chlorine  (p.  183),  which  in 
the  moist  state  destroys  the  organic  colouring  matter,  and  thus 
bleaches  the  cloth.    Chloride  of  lime  is  also  used  as  a  disinfectant. 

Similar  bleaching  compounds  are  formed  by  the  action  of 
chlorine  upon  baric  and  strontic  hydrates. 

Calcic  carbonate,  COCao". — This  comp&und  occurs  abund- 
antly and  widely  distributed  in  nature,  in  the  crystallised  form  as 
calcite  or  calc-spar  and  arragonite,  in  crystalline  masses  as  marble, 
and  in  an  amorphous  or  crypto-crystalline  condition  as  limestone  and 
chalk ;  also  in  coral,  shells  of  moUuscs,  egg-shells  and  bone-ash. 
It  is  an  important  constituent  of  soils  and  is  contained  in  nearly  all 
spring  and  river  water.  It  is  precipitated  from  solutions  of  calcium 
salts  by  the  addition  of  an  alkaline  carbonate.  Calcic  carbonate  is 
dimorphous,  occurring  in  rhombohedral  crystals  of  sp.  gr.  2"70  to 
2'75  as  calcite,  and  in  rhombic  prisms  of  sp.  gr.  2"92  to  3'28  as 
arragonite.  It  is  precipitated  from  hot  solutions  as  a  fine  crystal- 
line powder  displaying  the  forms  of  arragonite ;  from  cold  solu- 
tions it  is  deposited  as  an  amorphous  powder  which  gradually 
becomes  crystalline,  assuming  the  forms  of  calcite.  It  is  insokible 
in  pure  water,  somewhat  soluble  in  water  containing  carbonic 
anhydride,  giving  rise  to  what  is  known  as  the  temporary  hardness 
of  vjater.  The  solubility  is  due  to  the  formation  of  dihydric  calcic 
P'OTTn 

dicarlonate,  qqjjq^^o"»  which,  however,  can  exist  only  in  solu- 
tion. On  boiling  the  solution,  this  salt  decomposes  into  carbonic 
anhydride,  which  is  expelled,  water,  and  insoluble  calcic  carbonate ; 
and  the  temporary  hardness  is  thus  removed.  The  removal  of  the 
temporary  hardness  may  also  be  effected  by  adding  lime-water  as 
long  as  a  precipitate  of  calcic  carbonate  is  formed.  The  solution 
of  dihydric  calcic  dicarbonate  also  parts  with  its  carbonic  anhydride 
on  exposure  to  the  air,  depositing  calcic  carbonate.  In  this  way 
the  various  calcareous  deposits,  such  as  calcareous  tufa,  stalactites, 
&c.,  from  natural  waters  are  formed.  Sometimes  the  solution  yields 
six-sided  prisms  of  the  formula  COCao",50H2,  which  part  with 
their  water  of  crystallisation  at  19°.  Calcic  carbonate  is  more 
readily  decomposed  at  a  red  heat  into  oxide  and  carbonic  anhydride 
than  baric  and  strontic  carbonates  (see  preparation  of  calcic  oxide, 
p.  531). 

Calcic  sulphate,  SOgCao". — The  anhydrous  salt  occurs  as  the 
mineral  anhydrite,  either  in  rhombic  crystals,  or  in  crystallo- 
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granuJar  masses.    More  commonly,  however,  calcic  sulphate  i, 

(SHo  Cao   -  SO.Cao  ',20H,)  m  the  mineral  ff^jpsum,  either  in 
monoclmic  prisms  as  selenite,  or  in  fibrous  satiny  masses  as  satvn. 
spar  ov  m  the  crystallo-granular  form  as  crystalline  gypsum  or 
alabaster.  ^  It  occurs  m  the  soil  and  in  most  natural  waters  The 
te  rahydnc  sulphate  is  precipitated  as  a  crystalline  powdei  from 
solutions  of  calcium  salts,  if  not  too  dilute,  by  the  addition  of  sul- 
phuric acid.    Gypsum  is  sparingly  soluble  in  water,  requirinrr  487 
parts  of  water  at  0°  and  433  parts  of  water  at  35°  for  solution 
Above  35  Its  solubihty  again  decreases,  one  part  of  the  saltrequir" 
ing  more  than  500  parts  of  water  at  100°  to  dissolve  it    It  is 
much  more  soluble  in  dilute  acids  and  in  solutions  of  ammoniacal 
salts  and  of  sodic  chloride  than  in  pure  water.    Solutions  of  sodic 
thiosulphate  dissolve  it  very  readily.    It  parts  with  most  of  its 
water  of  hydration  between  100°  and  120°  forming  iurnt  gypswn 
or  plaster  of  Paris.    If  the  salt  which  has  been  dehydrated  at  this 
temperature  is  mixed  with  water,  it  combines  rapidly  with  the 
water  to  form  the  tetrahydric  sulphate,  and  if  the  water  has  been 
added  only  in  quantity  sufficient  to  form  a  thin  paste,  the  whole 
speedHy  solidifies  to  a  white  mass,  at  the  same  time  undergoing 
slight  expansion.    Upon  these  properties  the  use  of  plaster  of 
Paris  in  taking  casts  is  based,  the  property  of  expanding  during 
solidification  causing  it  to  fill  the  crevices  of  the  mould  and  thus 
reproduce  all  the  details  of  a  design.    Ordinary  plaster  of  Paris  is 
much  more  soluble  in  water  than  gypsum,  requiring  for  solution 
only  82  parts  of  water  at  22°.    A  solution  prepared  by  shaking 
the  salt  with  water  at  the  ordinary  temperature  and  quickiy 
filtering,  soon  deposits  crystals  of  gypsum.    If  gypsum  is  heated 
to  above  200°  it  parts  with  the  whole  of  its  water  of  liydration, 
yielding  the  anhydrous  sulphate;  but  in  this  condition  it  com- 
bines only  very  slowly  with  water,  and  does  not  solidify.  Gypsum 
which  has  been  thus  overheated  is  said  to  be  dead  burnt.    If  it  is 
dehydrated  at  a  temperature  of  500°,  it  also  takes  up  water  very 
slowly,  the  process  requiring  several  weeks  for  completion,  but  tlie 
product  of  re-hydration  is  a  hard  mass,  denser  than  ordinary 
gypsum  and  translucent  like  alabaster ;  and  this  mass  may  be 
converted  into  ordinary  plaster  of  Paris  by  dehydrating  at  a  low 
temperature.    At  a  red  heat  anhydrous  calcic  sulphate  fuses, 
solidifying  to  a  crystalline  mass.    A  solution  of  an  alkaline  carbo- 
nate converts  gypsum  at  ordinary  temperatures  into  calcic  carbo- 
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nate.  When  heated  with  concentrated  sulphuric  acid  to  100°,  it  is 
converted  into  a  porous  crystalline  mass  of  clihyclric  calcic  disul- 

phate,  so^Ho^^°"'  ^^^^^^^  P^'^^  Soes  into  solution,  and,  on  cooling, 
separates  in  flat  prisms  with  a  silky  lustre,  having  the  formula 

®S'^fJ°C!ao^2S02Ho2.  Both  these  salts  are  decomposed  by  water 
SO2H0 

into  gypsum  and  sulphuric  acid. 

Caleic  di/potassic  sulphate,  gQ^^°Cao",OH3. — This  double  salt  occurs  native 

in  monoehnic  crystals  as  syngenite.  If  equal  parts  of  plaster  of  Paris  and  anhydrous 
potassic  sulphate  be  mixed  with  less  than  their  weight  of  water,  the  whole  suddenly 
solidifies.  By  employing  a  larger  proportion  of  water_a  mixture  may  be  obtained, 
which  yields  casts  exhibiting  a  poUshed  surface. 

Calcic  disodio  sulphate,  sq^jJ^o^^^"'  native  as  glauherite.    An  aquate 

of  the  formula  gQ2^^°Cao",20H2  is  obtained  in  acicular  crystals  by  heating  a 

mixture  of  plaster  of  Paris  and  sodic  sulphate  with  water. 

Calcic  sulphite,  SOCao"20H2. — Prepared  like  the  barium  salt  (p.  522),  which  it 
also  resembles. 

r  SO 

Calcic  dithionate,  -j^  gQ^Cao",40H2. — Prepared  like  the  barium  salt  (p.  301) . 
Very  soluble,  hexagonal  crystals. 

Calcic  thiosulphate,  SOo^gz/Ca  ^  ,60H2.  —  Prepared  like  the  strontium  talt 
(p.  527).    Triclinic  prisms,  readily  soluble  in  water. 

Calcic  orthophosphate,  poCao"^^°"'  ^^'^"^^  osteolite 
and  sombrerite.  When  crystallised  with  2  aq.  it  forms  the  mineral 
ornithite.    As  a  double  phosphate  and  fluoride  of  the  formula 

IPsO-jCeLo'^^Ga."^,  in  which  a  portion  of  the  fluorine  is  some- 
times isomorphously  replaced  by  chlorine,  it  occurs  in  hexagonal 
crystals  as  the  mineral  apatite.  Fhosphorite  is  an  impure 
and  massive  apatite.  Calcic  orthophosphate  is  contained  in  the 
soil,  from  which  it  is  taken  up  by  plants,  and  thus  finds  its 
way  into  the  bodies  of  animals.  It  forms  the  chief  constituents  of 
the  bones  and  teeth  of  animals,  of  the  scales  of  fishes,  etc.  Copro- 
lites,  supposed  to  be  the  fossilised  excrement  of  extinct  animals, 
consist  for  the  most  part  of  calcic  orthophosphate.  Calcic  ortho- 
phosphate is  obtained  as  a  white  gelatinous  precipitate  by  adding 
ordinary  (monohydric)  sodic  phosphate  in  excess  to  a  solution 
of  calcic  chloride,  previously  rendered  alkaline  with  ammonia.  It 
is  almost  insoluble  in  water,  but  is  decomposed  by  continued  boil- 
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mg  into  an  insoluble  basic  salt  and  an  acid  salt  which  dissolves 
It  IS  moderately  soluble  in  solutions  of  various  salts  and  in  water 
containing  carbonic  anhydride.  By  means  of  this  last  property 
the  calcic  phosphate  contained  in  the  soil  is  rendered  soluble  so 
as  to  be  assimilable  by  plants.  It  is  readily  soluble  in  hydro- 
chloric, nitric,  and  acetic  acids,  and  is  reprecipitated  by  ammonia 
from  the  acid  solutions.— 5"i/^Znc  calcic  ortJiophosphatc, 

POHoCao",20H2, 

occurs  native  as  IrusUte.  It  is  obtained  as  a  crystalline  precipitate 
on  adding  calcic  chloride  to  an  acetic  acid  solution  of  ordinary 
sodic  phosphate.— Te^mAt/t^ric  calcic  orthophosphate, 

is  prepared  by  evaporatmg  a  solution  of  either  of  the  preceding 
salts  in  aqueous  phosphoric  acid.  It  forms  rhombic  tables  or 
laminae.  A  small  quantity  of  water  converts  it  into  insoluble 
monohydric  phosphate  and  free  phosphoric  acid,  but  the  precipitate 
disappears  if  left  in  contact  with  the  liquid  and  stirred  with  it 
from  time  to  time.  If  shaken  up  with  a  hundred  times  its  weight 
of  water,  tetrahydric  calcic  phosphate  speedily  dissolves,  but  on 
boiling  the  solution,  the  monohydric  phosphate  separates  as  an 
anhydrous  precipitate,  and  the  liquid  contains  phosphoric  acid. 
Sodic  acetate  also  precipitates  the  monohydric  phosphate  from  the 
solution.  The  tetrahydric  phosphate  gives  off  its  water  of  crystal- 
lisation at  100°;  when  heated  to  200°  it  parts  with  the  elements 
of  water,  and  is  converted  into  a  mixture  of  calcic  pyrophosphate 
and  metaphosphoric  acid : — 

2P202Ho,Cao"    =    P.^OgCao^'a    +    2PO2H0    +  SOH^, 

Tetrahydric  calcic  Calcic  Metaj)hosphoric  Water, 

orthophosphate.  pyrophosphate.  acid. 

but  when  the  mixture  is  heated  to  a  higher  temperature,  pure  calcic 
metaphosphate  remains : — 

P^OgCao''^   +    2PO2H0    =    2P204Cao"    +  OH^. 

Calcic  Metaphosi^horic  Calcic  Water, 

pyrophosphate.  acid.  metaphosphate. 

The  so-called  superphosphate  of  lime  is  a  mixture  of  the  preceding 
salt  with  calcic  sulphate,  and  is  obtained  by  acting  upon  bone-ash 
or  a  native  calcic  phosphate  with  two-thirds  of  its  weight  of  sul- 
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phuric  acid.  It  is  employed  as  a  manure  and  also  in  the  manu- 
facture of  phosphorus. 

•  Calcic  hypophosphite,  pHHo^*^""'  P^"?'^''^"  ^"^^"^  Phosphorus  with  milk 
of  Ume :— 

3CaHo,    +    2P4    +    60H,     =    3^g^°Cao"    +  2PH3. 

Calcic  Water.  Calcic  Phosphorptted 

hydrate.  hypophosphite.  hydrogen. 

On  evaporating  the  solution  the  salt  is  obtained  in  monoclinic  prisms.  When 
heated  it  evolves  phosphoretted  hydrogen  and  water,  leaving  calcic  pyrophos- 
phate : — 

2^?S°Cao"     =     2PH3     +     P.OaCao"^     +  OH^. 
PHHo 

Calcic  Phosphoretted         Calcic  Water, 

hypophosphite.       hydrogen.  pyrophosphate. 

Calcic  hypophosphite  is  used  in  medicine. 

Silicates  of  Calcium.— ThQ  folio  wing,  silicates  of  calcium  occur 
in  nature : — 

Wollastonite.    Calcic  silicate   SiOCao". 

Okenite.    Tetrahydric  calcic  disilicate   SiaOHo^Cao". 

Gurolite.  Tetrahydric  dicalcic  trisilicate. .  Si302Ho4Cao'  2- 
Xonaltite.    Dihydric  tetracalcic  tetrasilicate  Si403Ho2Cao"4. 

Most  of  the  natural  silicates  are  compound  silicates  of  calcium 
with  other  metals. 

Glass. 

The  several  varieties  of  glass  consist  of  amorphous  mixtures 
of  potassic  or  sodic  silicate  with  calcic  or  plumbic  silicate. 
Bohemian  or  potash-glass  is  a  potassic  and  calcic  silicate.  It  is  less 
fusible  and  resists  the  action  of  acids  and  alkalies  better  than  the 
other  varieties,  for  which  reasons  it  is  largely  used  for  laboratory 
vessels  and  for  combustion  tubing.  Crown-glass  (soda-glass,  window- 
glass,  plate-glass)  is  a  sodic  and  calcic  silicate.  It  has  a  bluish- 
green  tinge,  which  may  be  seen  on  the  edge  of  a  sheet  of  window- 
glass.  Bottle-glass  is  merely  a  crown-glass  manufactured  from 
commoner  materials.  Its  dark-green  colour  is  due  to  the  presence 
of  iron,  and  its  brown  or  black  appearance  to  finely  divided  carbon. 
It  also  contains  alumina.  Flint-glass  is  a  potassic  and  plumbic 
silicate.     It  is  remarkable  for  its  density,  lustre,  and  refracting 
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°^  g'^^s,  and  is  most 

readily  attacked  by  chemical  reagents. 

The  silica  employed  in  glass-making  is  introduced  as  quartz 
white  sand,  pulverised  flints,  or  ordinary  sand,  according  to  the 
quality  of  the  glass  required.  The  alkalies  are  added  as  pearl-ash 
fpotassic  carbonate)  and  as  purified  soda-ash  (sodic  carbonate) 
For  inferior  varieties  of  soda-glass,  salt  cake  (sodic  sulphate)  is 
substituted  for  sodic  carbonate ;  in  this  case  carbon  is  added  which 
reduces  the  sulphate  to  sulphite,  the  sulphurous  anhydride  being 
then  expelled  by  the  siHcic  anhydride  at  the  high  temperature  at 
which  the  glass  is  prepared.  The  calcium  is  added  in  the  form  of 
marble,  limestone,  or  chalk.  In  Bohemia,  wollastonite,  a  native 
calcic  siHcate,  is  employed.  In  the  case  of  flint-glass,  the  lead  is 
added  as  red-lead,  white-lead,  or  litharge,  the  first  of  these  bein^ 
employed  for  the  finer  sorts. 

The  iron  which  is  invariably  present,  even  in  the  purest 
materials,  would,  if  uncorrected,  impart  to  the  glass  a  green  tinge, 
due  to  the  formation  of  ferrous  silicate.  In  order  to  obtain  a  colour- 
less glass,  an  oxidising  agent  is  added  to  the  mixture  to  convert  the 
ferrous  into  a  ferric  salt,  the  latter  having  only  a  faint  yellow 
tinge,  which,  when  the  iron  is  present  in  small  quantity,  is  not 
perceptible.  The  oxidising  agents  most  frequently  employed  in 
the  case  of  the  various  sorts  of  calcium-glass,  are  manganic  per- 
oxide, arsenious  anhydride,  and  potassic  or  sodic  nitrate ;  whilst, 
in  the  case  of  flint-glass,  red-lead  is  used.  The  manganic  dioxide 
decolorises  not  only  by  its  oxidising  action,  but  also  by  its  pro- 
perty of  producing  a  violet  tint,  complementary  to  the  green  of 
the  ferrous  silicate,  the  two  colours  thus  neutralising  each  other. 

The  materials  are  mixed  with  a  certain  quantity  of  broken 
glass  or  "  cullet,"  and  are  then  fritted,  or  heated  to  a  temperature 
at  which  they  begin  to  agglomerate.  In  this  process  of  fritting, 
moisture  and  gases,  such  as  carbonic  anhydride,  are  expelled,  and 
the  frothing  in  the  subsequent  fusion  is  thus  greatly  diminished. 
The  mass  is  then  fused  in  pots  made  of  a  very  refractory  fire-clay, 
the  fusion  being  continued  until  aU  the  bubbles  of  gas  have 
escaped,  and  the  contents  of  the  pot  form  homogeneous  liquid. 
The  temperature  is  then  allowed  to  fall  until  the  glass  becomes 
sufficiently  viscid  to  permit  of  its  being  worked — either  by  the 
glass-blower,  or  by  rolling  it  into  plates,  as  in  the  case  of  plate- 
glass,  or  by  pressing  into  moulds. 

Glass  which  has  been  suddenly  cooled  after  fusion  possesses 
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the  singular  combination  of  properties  of  resistance  to  fracture  on 
the  one°  hand,  and  on  the  other,  extraordinary  brittleness  as  soon 
as  incipient  fracture  has,  by  scratching  or  otherwise,  been  induced. 
These  properties  are  exhibited  in  a  high  degree  by  the  so-called 
Rupert's  drops,  which  are  prepared  by  allowing  melted  glass  to  faU 
in  drops  into  cold  water.  The  glass  solidifies  in  the  form  of 
elongated,  pear-shaped  drops,  rounded  at  one  end  and  produced  to 
a  thha  taH  at  the  other.  The  thick  portion  of  these  drops  may  be 
subjected  to  considerable  violence— by  pressure  or  by  hammering 
—without  breaking  ;  but  if  the  end  of  the  thin  tail  be  nipped  off, 
the  whole  drop  disintegrates  with  a  slight  explosion,  and  is  con- 
verted into  a  fine  powder. 

The  tenacity  of  glass  thus  treated  is  probably  due  to  the  wholly 
amorphous  condition  of  the  mass— the  glass  being  cooled  before 
the  molecules  have  time  to  arrange  themselves  in  the  manner 
necessary  to  the  production  of  a  crystalline  structure.  Ordinary 
annealed  glass  (see  below)  is  for  the  most  part  amorphous,  but  that 
it  is  also  to  some  extent  crystalline  may  be  shown  by  etching  the 
surface  with  hydrofluoric  acid,  when  the  crystalUne  structure 
becomes  visible  under  the  microscope.  It  will  also  be  shown 
further  on  that  glass  may  be  made  to  acquire  a  higlily  crystalline 
structure  by  protracted  heating  to  its  softening  point,  a  'process 
the  reverse  of  the  above.  The  effect  of  a  crystalline  structure  in 
diminishing  tenacity  depends  upon  the  disturbance  of  the  homo- 
geneity of  the  mass  which  the  growth  of  crystals  within  it  neces- 
sitates, and  further,  upon  the  unequal  tenacity  of  most  crystals  in 
various  crystallographical  directions,  a  property  which  is  mani- 
fested in  the  production  of  cleavage  surfaces  (see  Crystallography, 
p.  124). 

On  the  other  hand,  the  parts  of  a  mass  of  glass  thus  suddenly 
cooled,  are  in  the  state  of  tension  or  strain.  Owing  to  the  low 
conducting  power  of  glass,  the  outer  portions  cool  and  solidify 
first,  and  in  this  way  the  inner  portions,  which  cool  later,  are  pre- 
vented from  contracting  to  the  extent  which  they  otherwise  would. 
The  moment  this  state  of  unstable  equilibrium  is  disturbed — as,  in 
the  above  experiment,  by  nipping  off  the  tail  of  the  drop — the 
whole  system  breaks  down,  and  the  potential  energy  of  this 
tension  expends  itself  in  the  disintegration  of  the  mass. 

The  same  phenomenon  is  exhibited,  although  in  a  lesser  degree, 
in  the  case  of  articles  of  glass  which  have  been  cooled  by  exposure 
to  air.    Such  articles  are  apt  to  crack  when  scratched  or  when 
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exposed  to  sudden  change  of  temperature.  A  bottle  of  thick  un- 
annealed  glass  may  be  broken  to  fragments  by  dropping  into  it  a 
small  sharp  fragment  of  flint,  ° 

In  order  to  prevent  fracture  from  this  cause,  aU  articles  of  glass 
are  subjected  to  a  process  of  very  slow  cooling,  termed  annealing 
in  a  suitable  furnace.  In  this  way  the  cooling  and  solidification 
occur  homogeneously  throughout  the  mass,  the  molecules  can 
arrange  themselves  in  the  positions  which  they  would  naturally 
assume,  and  the  state  of  strain  cannot  arise. 

A  peculiar  process,  intended  to  replace  that  of  anneaHng,  and 
at  the  same  time  to  impart  to  the  glass  new  and  valuable  proper- 
ties of  durability,  has  been  introduced  within  the  last  few  years  by 
De  la  Bastie.    The  glass,  heated  almost  to  redness,  is  dipped  into 
oil  or  paraffin,  previously  heated  to  300°,  and  is  then  aUowed  to 
cool  slowly.    Glass  which  has  been  subjected  to  this  treatment, 
and  which  is  known  as  toughened  glass,  is  much  less  fragile  than 
ordinary  annealed  glass  :  it  resists  sudden  changes  of  temperature 
better,  and  is  not  so  readily  broken  by  rough  usage.  When  broken, 
however,  by  a  hard  blow,  it  splits  up  into  innumerable  fragments! 
In  like  manner,  a  sheet  of  toughened  glass  cannot  be  cut  with 
a  diamond,  as  the  whole  instantaneously  disintegrates.    The  glass 
is,  thefefore,  to  some  extent  at  aU  events,  in  a  state  of  internal 
strain  similar  to  tliat  of  the  Eupert's  drops.    Indeed,  cases  have 
occurred  in  which  articles  of  toughened  glass  have,  suddenly  and 
without  apparent  cause,  exploded  with  some  violence. 

The  following  table  contains  the  results  of  the  analysis  of  vari- 
ous kinds  of  glass : — 


Composition  of  various  kinds  of  Glass. 


Bohemian  glass. 

Crown-glass. 

Bottle-glass. 

Plint-glass. 

a. 

b. 

c. 

d. 

e. 

/• 

ff- 

h. 

SiO,  

71-7 

69-2 

62-8 

69-2 

60  0 

59  0 

51-9 

42-5 

12-7 

.15-8 

22  1 

8-0 

1-7 

13  -8 

11-7 

2-5 

3  0 

3  0 

31 

10  0 

CaO  

10 '3 

7-6 

12-5 

13  0 

22-3 

19-9 

on 

0-4 

1-2 

r3-6 

8  0 

1-2 

1-8 

MgO  

2  0 

1  2-6 

<  0-6 

0-5 

Fe.O,   

0-3 

0-5 

Ll-6 

4-0 

7-0 

MnO  

0-2 

1-2 

PbO  

33-3 

43-5 

98  1 

99-3 

100-0 

99  0 

98-6 

99-3 

99-0 

100  0 
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n  TTard  Bohemian  glass.  5,  Softer  Bohemian  glass,  c,  Bohemian  crown-glass. 
A  G;man  crownTlass.^  French  bottle  glass.  /,  English  bottle-glass,  g,  Enghsh 
flint-glass.    A,  Guinaud's  glass  for  optical  purposes. 

'  Certain  kinds  of  glass,  when  exposed  for  some  time  to  a  tem- 
perature at  which  they  soften,  acquire  a  crystalHne  structure,  and 
become  opaque.  This  process  of  change,  known  as  cUvitrifica- 
tim,  occurs  most  readily  in  lime-glass  which  contains  an  excess  of 
silica.  Flint-glass  does  not  devitrify.  When  glass  is  embedded  in 
sand  or  gypsum  to  prevent  change  of  form,  and  heated  strongly 
for  several  hours,  it  is  converted  into  a  white  opaque  mass,  known 
as  Bdaicnucr's  porcelain.  Glass  which  readily  devitrifies  cannot  be 
worked  before  the  blowpipe. 

Coloured  glasses  are  obtained  by  the  addition  of  various  oxides 
to  the  glass.    The  colouring  oxides  mostly  employed  are  the  foUow- 

ino- :  Eed :  cuprous  oxide,  also  purple  of  Cassius.    Violet :  man- 

o-anic  dioxide.  Blue:  cobaltous  oxide.  Green:  cupric  oxide, 
chromic  oxide,  ferrous  oxide,  the  latter  producing  a  dull  bottle- 
wreen.  Yellow :  antimonic  oxide.  Yellow,  with  a  greenish  fiuo- 
rescence :  uranic  oxide. 

COMPOUNDS  OF  CALCIUM  WITS  SULPHUR. 

Calcic  sulphide,  CaS".— Prepared  Uke  ;the  barium  compound  (p.  523).  White 
mass,  which  in  moist  au-  gradually  evolves  sulphuretted  hydrogen.  Luminous  in 
the  dark  after  exposure  to  light  (see  p.  523) . 

Calcic  disulphide,  Ca^,,  |  .SOHa,  is  deposited  in  yellow  crystals  from  the  solu- 
tion obtained  by  boiling  milk  of  lime  with,  sulphur  and  filtering  hot. 

COMPOUND  OF  CALCIUM  WITS  PSOSPEORUS. 

Calcic  phosphide,  'P"2Ca2  (?). — This  compound  has  not  been  prepared  pure.  It 
is  formed  by  the  direct  combination  of  metallic  calcium  and  phosphorus,  when  the 
two  substances  are  heated  together  under  petroleum.  It  may  be  obtained  mixed 
with  calcic  pyrophosphate  by  passing  the  vapour  of  phosphorus  over  lime  heated  to 
redness : — 

14CaO      +      14P      =     5'P"2Ca2      +  2P203Cao"2. 
Calcic  Calcic  Calcic 

oxide.  phosphide.  pyrophosphate. 

The  mixture  thus  obtained,  which  forms  a  reddish-brown  mass,  is  employed  in  the 
preparation  of  liquid  phosphoretted  hydrogen  (p.  376) .  It  also  contains  tricalcic 
diphosphide,  P2Ca3. 

General  Properties  and  Eeactions  of  tile  Compounds  of 
Calcium. — The  calcium  salts,  as  a  rule,  closely  resemble  in  their 
properties  those  of  barium  and  strontium.     Those  formed  with 
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colourless  acids  are  colourless.    Calcic  nitrate  and  calcic  chloride 
are  both  soluble  in  absolute  alcohol.    From  solutions  of  calcium 
salts  alkahne  carUnates  precipitate  calcic  carbonate      The  sul 
phate  of  calcium  is  more  soluble  than  that  of  strontium  •  in 
dilute  solutions  of  calcium  salts  sulphuric  acid  and  soluble' sm/ 
phates  produce  a  precipitate  only  on  addition  of  alcohol.  Ammonic 
oxalate  precipitates  white  calcic  oxalate,  soluble  in  hydrochloric 
and  in  nitric  acid,  insoluble  in  acetic  acid.     Calcium  compounds 
colour  the  non-luminous  flame  yeUowish-red.   The  flame  spectrum 
is  complex ;  the  two  most  characteristic  lines  are  Caa  in  the  orange 
and  Ca^  in  the  green.  °  ' 

On  Potable  Water  and  on  the  Impurities  occurring  in 

Natural  Waters, 

In  describing  the  properties  of  water  (p.  175),  it  was  mentioned 
that  natural  waters  always  contain  impurities ;  and  as  some  of  the 
most  important  of  these  are  compounds  of  two  of  the  metals 
belonging  to  the  section  under  consideration,  it  will  be  convenient 
to  return  here  to  the  subject  in  order  to  complete  the  chemical 
history  of  water. 

Pure  water  never  occurs  in  nature;  as  soon  as  it  quits  the 
vaporous  condition,  and  assumes  the  form  of  clouds  and  rain,  it 
becomes  more  or  less  contaminated  by  atmospheric  impurities. 
When  it  reaches  the  earth,  it  flows  over  surfaces,  or  percolates 
through  strata,  more  or  less  soluble,  and  thus  acquires  further  im- 
purities in  addition  to,  or  sometimes  in  the  place  of,  those  which  it 
had  previously  contracted  from  the  atmosphere.  It  thus  becomes, 
in  some  cases  more,  in  others  less,  suitable  for  domestic  use.  The 
nature  of  the  changes  which  water  suffers  from  such  influences 
must  obviously  depend,  to  a  great  extent,  upon  the  character  of  the 
geological  formations  over  or  through  which  it  passes.  If  the  for- 
mation be  hard  and  insoluble,  then  little  saline  or  other  matter  is 
taken  up.  Thus  the  Eiver  Loka,  in  Sweden,  contains  only  0'07 
part  of  solid  matter  in  100,000  parts  of  water.  Loch  Katrine 
contains  3"2  parts  per  100,000,  Ullswater  lake  3-9  parts,  and  the 
Dee  at  Aberdeen  5"7  parts  per  100,000  parts  of  water.  As  a  rule, 
however,  water  meets  with  more  soluble  matter  than  this,  and  the 
proportion  generally  varies  from  7  to  50  parts  in  100,000  parts  of 
water.  Thus  the  Thames  and  Lea  contain  about  30  parts,  and 
the  water  of  deep  wells  sunk  into  the  chalk  about  40  parts,  per 
100,000. 
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An  excessive  amount  of  these  foreign  matters  renders  the 
water  unpalatable,  and  constitutes  it  a  mineral  or  abnormal  water. 
Such  accumulations  of  soluble  saline  matter  take  place  in  the 
ocean,  which  contains  from  3,140  to  4,000  parts  per  100,000,  and 
in  lakes  without  outlet.  Thus  the  Dead  Sea,  which  is  1,312  feet 
below  the  level  of  the  Mediterranean,  and  is  fed  by  the  Jordan  and 
six  other  streams  (containing  on  the  average  104  parts  of  soluble 
solid  matter  per  100,000)  contains  22,857  parts  of  solid  matter  per 
100,000.  And  the  Elton  lake  in  Russia  contains  27,143  parts 
per  100,000,  although  upwards  of  200,000  tons  of  salt  are  annually 
extracted  from  it. 

We  propose  here,  however,  to  confine  attention  chiefly  to 
drinking  or  potable  water — a  subject  which  is,  year  by  year, 
acquiring  an  increased  sanitary  importance. 

Numerous  researches,  made  by  both  physiologists  and  chemists, 
have  led  investigators  to  the  conclusion  that  several,  at  least,  of 
those  diseases,  which  are  propagated  in  the  manner  of  epidemics, 
diifuse  themselves  by  living  germs  or  spores,  which,  finding  a 
suitable  nidus  in  the  bodies  of  animals,  there  multiply  and  pro- 
duce that  specific  disturbance  of  the  normal  vital  functions  which 
characterises  a  disease  of  the  zymotic  class.  It  is  indeed  in  con- 
sequence of  the  extensive  prevalence  of  this  view  respecting  the 
mode  of  propagation  of  such  diseases  that  the  term  zymotic  (from 
^ufioco,  I  ferment)  has  come  to  be  almost  universally  employed  to 
designate  them. 

Long  continued  observations  and  carefully  compiled  statistical 
records  have  conclusively  demonstrated  that  drinking-water  is  the 
chief  medium  through  which  zymotic  diseases,  especially  cholera 
and  typhoid  fever,  are  propagated.  In  these  latter  diseases  the  in- 
fectious or  zymotic  matter  is  contained  in  the  discharges  from  the 
intestinal  canal  of  the  patient.  Many  of  our  arrangements  for  dis- 
posing of  these  secretions  have  the  effect  of  diffusing  them  through 
water,  and  the  drinking  of  such  polluted  water  not  unfrequently 
conveys  the  infection  to  whole  communities.  Shortly  stated,  it  is 
absolutely  necessary  for  the  propagation  of  cholera  and  typhoid 
fever,  that  the  excrements  of  persons  suffering  from  these  diseases 
should  be  swallowed  by  other  persons.  That  such  an  unspeakably 
disgusting  mode  of  infection  is  not  only  possible,  but  imminent 
over  a  very  large  proportion  of  the  inhabitants  of  Great  Britain,  is 
conclusively  proved  by  the  numerous  analyses  of  the  water  used 
by  them  for  drinking.    So  far  from  the  horrible  practice  just  indi- 
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cated  being  exceptional,  it  is  the  rule.  It  is  a  widely  spread 
custom,  both  in  towns  and  villages,  to  drink  either  the  water  of 
rivers  into  which  the  excrements  of  man  are  discharged,  or  the 
water  from  shallow  wells  which  are  largely  fed  by  soakage  from 
middens,  sewers,  or  cesspools.  Thus  many  millions  of  the  popula- 
tion are  daily  exposed  to  the  risk  of  infection  from  typhoidal 
discharges,  and  periodically  to  that  from  cholera  dejections. 

It  would  obviously  be  of  the  very  highest  importance  to  man- 
kind, if  the  presence  of  cholera  or  typhoid  poison  in  water  could 
be  demonstrated  by  chemical  or  microscopical  analysis.  This  is, 
however,  at  present  impossible.  It  is  only  by  their  action  on 
human  beings  that  their  presence  can  be  proved.  But,  chemical 
analysis  can  show  us  the  presence,  in  water,  of  excremental  matter, 
or  of  the  characteristic  products  of  its  decomposition,  although  it 
cannot  distinguish  between  normal  and  infected  excrement. 

From  this  point  of  view,  therefore,  the  analytical  examination  i 
of  water  assumes  an  importance  second  to  no  other  application  of  i 
chemistry.  It  would  be  out  of  place,  however,  in  this  work  to 
describe  the  mode  of  performing  these  analytical  operations,  and  | 
we  shall  therefore  confine  ourselves  to  an  enumeration  of  the  data  i 
obtained  in  water  analysis  and  to  the  interpretation  of  these  data. 

Water  Analysis. — The  exhaustive  chemical  examination  of  a  | 
sample  of  water  is  one  of  the  most  tedious  and  troublesome  opera-  • 
tions  known  to  chemists.  It  requires  weeks,  sometimes  even  i 
months,  for  its  completion.  This  arises  partly  from  the  great  I 
multiplicity  of  separate  substances  which  may  be  present  in  the  ' 
water,  both  in  solution  and  in  suspension,  partly  from  the  very  i 
minute  proportion  in  which  these  substances  sometimes  exist,  and  ' 
partly  on  account  of  the  difficulties  attending  their  exact  determina- 
tion, when  they  are  diffused  through  vast  volumes  of  water.  Such 
an  exhaustive  examination  includes  : — 

1.  The  extraction  and  separate  volumetric  measurement  of  the 
dissolved  gases. 

2.  The  separate  determination  of  the  weight  of  each  constituent  I 
of  the  saline  matters  in  solution. 

3.  The  determination  of  the  two  chief  elements  of  the  organic  'i 
matters  in  solution.  | 

4.  The  separation  of  the  suspended  matters,  if  any,  and  the  J 
determination  of  their  total  weight  when  dry.  i 

5.  The  separation  and  determination  of  each  mineral  constituent  1 
of  the  suspended. matters. 
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6.  The  separation  and  determination,  as  far  as  possible,  of  each 
organic  constituent  of  the  suspended  matters. 

Fortunately,  many  of  the  more  tedious  and  laborious  of  these 
operations  may  be  omitted,  if  the  object  of  the  analysis  be  only  to 
ascertain  the  suitability  or  otherwise  of  the  water  for  domestic  or 
manufacturing  purposes.  Thus,  the  extraction  and  volumetric 
measurement  of  the  gases  may  be  safely  dispensed  with ;  since,  in 
the  present  state  of  our  knowledge,  the  gaseous  constituents  of 
water  throw  but  little  light  upon  its  character.  The  existence  of 
dissolved  atmospheric  gases  in  water  doubtless  adds  to  its  palata- 
bility;  recently  boiled  water,  for  instance,  has  a  notoriously  flat 
and  vapid  taste,  but  the  solution  of  these  gases  by  water  is  so 
rapid  as  almost  to  preclude  the  possibility  of  lack  of  aeration  in 
natural  waters.  This  is  seen  from  the  following  comparison  of  the 
proportional  volumes  of  atmospheric  gases  expelled  on  boiling  100 
cubic  centimetres  of  rain-water,  Welsh  and  Cumberland  upland 
surface  water.  Loch  Katrine  water  as  delivered  in  Glasgow,  Thames 
Avater  as  delivered  in  London,  and  water  drawn  from  deep  wells 
in  the  chalk,  respectively : — 


Vohime  and  Composition  of  the  Gases  dissolved  in  100  Guhic  Centi- 
metres of  Various  Waters. 


Rain 
water. 

Cumber- 
land 
mountain 
water. 

Loch 
Katrine 
water. 

Thames 
water. 

Deep 
chalk  well 
water. 

Carbonic  anhydride  . . 

1  -308  c.c. 
0-637  „ 
0  -128  „ 

1  -424  c.c. 
0-726  „ 
0-281  „ 

1-731  c.c. 
0-704  „ 
0-113  „ 

1-325  c.c. 
0-588  „ 
4-021  „ 

1  -944  c.c. 
0-028  „ 
5-520  „ 

2-073  „ 

2-431  „ 

2-548  „ 

5-934  „ 

7-492  „ 

A  comparison  of  the  numbers  in  the  foregoing  table  shows  that 
the  total  volume  of  dissolved  atmospheric  gases  differs  but  little, 
even  in  waters  from  the  most  widely  different  sources.  It  was  at 
one  time  supposed  that  the  proportion  of  oxygen  in  these  gases 
was  an  important  item  in  the  history  of  the  water,  and  a  deficiency 
of  this  gas  was  believed  to  indicate  the  presence  of  putrescent 
organic  matters ;  but  the  subsequent  discovery  that  deep  well  waters 
(in  which  putrescent  organic  matter  is  certainly  not  present)  con- 
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taiued  little  or  uo  dissolved  oxygen,  deprived  this  analytical  fact  of 
much  of  its  importance. 

The  large  proportion  of  carbonic  anhydride  which  is  present  iu 
Tliames  water  and  in  deep  chalk  well  water  scarcely  adds  to  the 
effective  aeration  of  these  waters,  because  nearly  the  whole  of  this 
carbonic  anhydride  is  in  chemical  combination  with  lime,  and  not 
in  the  condition  of  dissolved  gas. 

The  separate  determination  of  the  weight  of  each  constituent 
of  the  saline  matters  in  solution  is  also  rarely  required.  These 
constituents  have,  with  very  few  exceptions,  no  appreciable  in- 
fluence upon  the  wholesomeness  of  the  water ;  hence,  in  the  great 
majority  of  cases,  it  is  not  necessary  to  determine  the  weight  of 
each.  Certain  of  them,  however — ammonia,  nitrates,  nitrites,  and 
chlorides— are  very  useful  in  tracing  the  previous  history  of  the 
water,  and  the  separate  determination  of  these  must,  therefore,  on 
no  account  be  omitted.  Moreover,  if  the  presence  of  lead,  arsenic, 
or  barium  be  suspected,  these  poisonous  metals  must  be  carefully 
sought  for,  and,  if  found,  their  respective  quantities  determined. 
The  degree  of  hardness  ought  also  to  be  ascertained  in  all  cases. 

The  separation  and  determination  of  each  mineral  constituent 
of  the  suspended  matters  may  be  dispensed  with,  unless  poisonous 
substances  occur  amongst  them. 

The  separate  determination  of  each  organic  constituent  of  the 
suspended  matters  is  of  comparatively  little  use  in  the  present  state 
of  oiir  knowledge,  because  it  is  impossible  to  distinguish,  amongst 
the  suspended  matters  in  water,  those  which  are  injurious  from 
those  which  are  harmless.  The  really  injurious  organic  suspended 
matters  are  probably  not  merely  organic  but  organised  matters, 
entozoic  ova,  or  zymotic  germs,  capable  of  reproduction  in  the 
human  body  with  the  simultaneous  development  of  disease.  In- 
vestigations of  this  class  belong  rather  to  microscopical  than  to 
chemical  analysis,  but  even  microscopic  research  is  not  yet  com- 
petent to  reveal  any  facts  of  direct  importance  in  connection  with 
such  organised  suspended  matters. 

The  microscope  has  rarely  if  ever  discovered,  even  in  the  most 
polluted  drinking  water,  any  germ  or  organism  which  is  known  to 
be  deleterious  to  human  health  ;  but,  by  showing  the  presence  of 
living  organisms  in  water,  it  proves,  either  that  the  water  has  not 
been  so  efficiently  filtered  as  to  remove  these  organisms,  or  that  it 
has  subsequently  become  polluted  by  them;  and  thus  it  is  in- 
directly demonstrated  that  the  water  has  not  been  treated,  preserved, 
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or  stored  under  such  conditions  as  would  preclude  the  access  of 
deleterious  germs  or  organisms.  A  microscopic  examination  of  the 
suspended  matters  in  potable  waters  thus  becomes  indirectly  of 
considerable  importance. 

The  analytical  determinations,  deemed  sufficiently  important 
to  warrant  the  expenditure  upon  them  of  the  necessary  time  and 
labour,  are  the  following,  those  which  are  of  primary  importance 
being  printed  in  bold  type  : — 

In  Solution. 

1.  Total  solid  matters. 

2.  Organic  carbon,  or  carbon  contained  in  the 
organic  matter  actually  present. 

3.  Organic  nitrogen,  or  nitrogen  contained  in  the 
organic  matter  actually  present. 

4.  Ammonia. 

5.  Nitrogen  as  nitrates  and  nitrites. 

6.  Total  combined  nitrogen. 

7.  Estimation  of  the  previous  sewage  or  animal 
contamination. 

8.  Chlorine. 

9.  Temporary,  permanent,  and  total  hardness. 

In  Suspension. 

10.  Mineral  matters  in  suspension. 

11.  Organic  matters  in  suspension. 

We  have  now  to  explain  the  object  and  significance  of  each  of 
these  determinations. 

1.  Total  Solid  Matters  in  Solution,  or  Total  Solid  Impurities. — 
When  water  is  evaporated  to  dryness,  there  is  left  behind  a  solid 
residue  containing  the  mineral  and  organic  matters  with  which  the 
water  had  become  contaminated  since  its  condensation  from  the 
atmosphere.  Leaving  out  of  consideration  the  quality  of  the  in- 
gredients contained  in  potable  waters,  the  proportion  of  solid 
residue  left  on  evaporation  affords  an  approximate,  though  rough, 
indication  of  the  comparative  purity  of  such  waters.  On  the  one 
hand  it  may  be  safely  concluded,  that  waters  leaving  very  large 
residues  on  evaporation  are  unfit  for  domestic  use,  whilst  on  the 
other,  those  containing  very  small  residues  are,  on  this  account 
alone,  well  adapted  for  such  pui-poses,  and  but  very  rarely  contain, 
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amongst  their  constituents,  any  which  are  seriously  objectionahle. 
Not  only  do  waters  leaving  small  residues  on  evaporation  generally 
possess  a  superiority  for  domestic  purposes,  but  they  are  also  much 
more  valuable  than  less  pure  waters  for  a  large  number  of  manufac- 
turing purposes.  Thus,  for  the  feeding  of  steam  boilers,  their  use 
precludes  the  formation  of  incrustations,  which  not  only  seriously 
interfere  with  the  transmission  of  heat  from  the  fuel  to  the  water 
but  are  probably  a  frequent  cause  of  disastrous  explosions. 

2.  Organic  Carbon.— From  a  sanitary  point  of  view,  the  most 
important  constituent  of  the  total  solids  is  organic  matter,  and 
various  processes  have  from  time  to  time  been  devised  for  the 
quantitative  determination  of  this  matter  or  of  some  of  its  con- 
stituents. The  problem  is  surrounded  with  unusual  difficulties, 
and  hitherto  no  method,  worthy  of  any  degTee  of  confidence,  has 
been  discovered  by  which  the  weight  of  organic  matter  dissolved 
in  water  can  be  even  approximately  determined.  Even  of  several 
analytical  processes  which  do  not  pretend  to  the  estimation  of  the 
total  weight,  and  aim  at  the  quantitative  determination  of  only 
some  of  the  elements  of  the  organic  matter,  there  is  only  one  whicli 
yields  trustworthy  results.  This  process  is  both  troublesome  and 
tedious,  and  requires  considerable  manipulative  skill ;  but  it  is  the 
only  method  which  throws  any  light  whatever  upon  the  actual 
pollution  of  water  by  organic  matter.  It  consists  in  transforming, 
by  combustion  in  close  vessels,  the  carbon  and  nitrogen  of  the 
organic  matter  into  carbonic  anhydride  and  free  nitrogen,  and 
then  measuring  the  respective  volumes  of  these  gases.  By  a  simple 
calculation,  the  weights  of  carbon  and  nitrogen  contained  in  the 
original  organic  matter  present  in  the  water  can  be  arrived  at,  from 
these  volumetric  determinations,  with  great  precision.  The  weight 
of  organic  carbon,  or  carbon  contained  in  the  organic  matter  found 
in  different  samples  of  water,  indicates  the  amount  of  organic  matter 
with  which  the  water  is  contaminated,  but  it  does  not  indicate  the 
source,  animal  or  vegetable,  whence  that  organic  matter  was 
derived.  Cceteris  paribus,  the  smaller  the  proportion  of  organic 
carbon,  the  better  the  quality  of  the  water.  Even  if  the  source  of 
the  organic  matter  be  altogetlier  vegetal,  experience  has  shown  that 
a  proportion  of  organic  carbon  larger  than  0-2  part  in  100,000 
parts  of  water  is  undesirable,  because  it  renders  the  water  slightly 
bitter  and  unpalatable.  A  larger  proportion  of  organic  carbon,  if 
it  be  contained  in  animal  matter,  does  not  interfere  with  the  palat- 
ability  of  the  water,  but  it  exposes  the  consumer  to  the  risk  of 
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infection  •  and  potable  water  which  contains  organic  matter,  even 
only  partiaUy  derived  from  animal  sources,  should  not  yield  much 
more  than  Ol  part  of  organic  carbon  from  100,000  parts  ot 

water.  . 

3.  Organic  Nitrogen.— The  character  of  the  organic  matter 
contained  in  potable  water,  that  is  to  say,  its  animal  or  vegetable 
origin,  may  in  most  cases  be  judged  of  by  the  relative  proportions 
in  "which  the  two  elements,  carbon  and  nitrogen,  occur  m  the 
organic  matters.  Hence  the  necessity  for  determining  the  amount 
>of°organic  nitrogen  in  waters  used  for  domestic  purposes.  This 
determination,  taken  in  connection  with  that  of  organic  carbon, 
frequently  affords  information  of  great  value  as  to  whether  the 
organic  matter  is  of  animal  or  vegetable  origin ;  and  this  informa- 
tion acquires  additional  importance  and  trustworthiness  when  it  is 
subsequently  tested  by  a  chemical  investigation  of  the  previous 
history  of  the  water  as  revealed  by  the  proportions  of  the  chief 
products  derived  from  sewage  and  animal  matters,  viz.,  ammonia, 
nitrates,  nitrites,  and  chlorine.  The  smaller  the  absolute  quantity 
of  organic  nitrogen,  and  the  less  the  proportionate  amount  as  com- 
pared with  organic  carbon,  the  better  is  the  quality  of  the  water  as 
regards  present  or  actual  pollution,  and  the  less  likely  is  the  water 
to  contain  any  organic  matters  of  animal  origin.  In  connection 
with  this  part  of  the  analytical  investigation,  however,  it  must  be 
borne  in  mind  that  vegetable  organic  matter  is  far  from  being  desti- 
tute of  nitrogen.  Peat,  for  instance,  which  is  a  form  of  vegetable 
matter  least  likely  to  contain  nitrogen,  yields  to  water  organic  sub- 
stances in  solution  containing  much  nitrogen.  Doubtless  different 
samples  of  peat  vary  in  the  nitrogenous  character  of  the  soluble 
vegetable  matter  which  they  contain;  but,  on  the  average,  the 
proportion  of  nitrogen  to  carbon  may  be  taken  to  be  N :  C  =  1 : 12, 
and  it  is  found  that  such  peaty  matters  dissolved  in  water  may, 
after  prolonged  exposure  to  oxidising  influences,  lose  carbon  so 
much  more  rapidly  than  nitrogen,  as  materially  to  increase  the 
proportion  of  the  latter  element  to  the  former. 

The  following  table  shows  the  proportion  of  nitrogen  to  carbon 
in  waters  containing  organic  matter  of  peaty  origin : — 

Proportion  of 
carbon  to  1  part 
of  nitrogen. 

Unoxidised  peaty  matter  contained  in  upland  sur- 
face water    11*92 
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Proportion  of 
carbon  to  1  part 

Peaty  matter  contained  in  upland  surface  water  ° 
after  exposure  to  atmospheric  oxidation  in  natu- 
ral lakes  or  artificial  reservoirs   5.92 

Peaty  matter  contained  in  spring  water    3-21 

Thus  the  proportion  of  carbon  to  nitrogen  in  the  peaty  organicB 
matter  of  water  decreases  rapidly  as  oxidation  progresses.  After™ 
storage  for  weeks  or  months  in  lakes,  it  is  reduced  to  one  half  its 
original  amount ;  but  after  the  water  containing  the  peaty  matter 
has  been  subjected  to  the  powerful  oxidising  influences  which 
accompany  filtration  through  porous  strata,  it  reappears  as  spring 
water  with  a  greatly  augmented  proportion  of  organic  nitrogen'^ 
although  the  absolute  quantity  has  greatly  diminished.  In  other 
words,  large  quantities  of  both  carbon  and  nitrogen  have  been 
oxidised  and  converted  into  mineral  matter,  but  the  carbon  has 
undergone  this  transformation  more  rapidly  than  the  nitrogen. 

This  concentration  of  nitrogen  during  oxidation  assimilates 
oxidised  vegetable,  to  unoxidised  animal,  organic  matter  in  chemical 
composition,  so  far,  at  least,  as  the  proportion  between  the  cliief 
elements,  nitrogen  and  carbon,  is  concerned.  There  is  still,  how- 
ever, a  considerable  difference  in  this  respect  between  these  two 
kinds  of  organic  matter ;  but  even  this  disappears  when  the  water 
containing  animal  organic  matter  is  subjected  to  oxidising  in- 
fluences; for  whilst  vegetable  organic  matter  suffers  a  concentra- 
tion of  nitrogen  during  oxidation,  animal  organic  matter  exhibits, 
as  a  rule,  a  concentration  of  carbon,  and  a  diminution  in  the  prot 
portion  of  nitrogen  under  the  same  influence. 

Thus  the  proportions  of  nitrogen  to  carbon  in  soluble  vegetable 
and  animal  organic  matters  vary  in  opposite  directions  during 
oxidation ;  a  fact  which  renders  more  difficult  the  decision  as  to 
whether  the  organic  matter  present  in  any  given  sample  of  water 
is  of  animal  or  vegetable  origin.  This  difficulty  can,  however,  be 
greatly  diminished  or  entirely  overcome  by  an  appeal  to  the  pre- 
vious liistory  of  the  water  as  revealed  partly  by  a  knowledge  of  its 
source,  and  of  the  kind  of  contamination  to  which  it  has  been  ex- 
posed, and  partly  through  the  information  afforded  by  chemical 
analysis.  In  the  first  place,  if  the  water  is  known  by  an  inspec- 
tion of  its  source  to  have  been  polluted  by  animal  matters,  and  to 
have  been  subjected,  after  such  pollution,  only  to  the  slight  oxida- 
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tion  effected  in  rivers  or  streams,  a  portion  at  least  of  the  organic 
matter  which  it  contains  must  have  been  derived  from  animal 
matter.  For  there  is  no  river  in  Great  Britain  long  enough  to 
completely  oxidise  or  destroy  the  soluble  animal  organic  matter 
present  in  polluted  water.  In  the  second  place,  if  the  water  is 
found,  on  analysis,  to  contain  considerable  quantities  of  one  or  more 
of  the  mineral  compounds — ammonia,  nitrates,  and  nitrites — into 
which  animal  organic  matter  is  resolved  during  its  decomposition 
or  oxidation,  the  inference  may  be  drawn  that  the  soluble  organic 
>  matter  of  such  water  is  derived  from  animal  sources.  But  this 
inference  must  only  be  provisional :  it  must  stand  or  fall  by  an 
investigation  into  the  source  of  the  water ;  for  although  the  pre- 
sence of  the  products  of  the  decomposition  of  animal  matter  in- 
dubitably convicts  the  water  of  previous  pollution,  yet  it  is 
obviously  possible,  from  the  facts  and  considerations  which  have 
just  been  adduced,  that  the  whole  of  the  original  organic  matter 
may  have  been  oxidised  and  converted  into  innocuous  mineral 
compounds  during  the  prolonged  filtration  of  the  water  through  a 
great  thickness  of  porous  strata,  and  that  the  water  so  purified 
may  afterwards  have  become  contaminated  with  vegetable  matter 
only.  In  other  words,  water  polluted  by  animal  matters  may 
become  pure  spring  water,  retaining  only  the  innocuous  evidence 
of  its  former  pollution,  and  may  then  become  polluted  by  the 
soluble  matter  of  peat.  Such  water  would  be  suspicious  owing  to 
the  evidence  of  its  previous  pollution,  which  it  still  bears  about 
with  it,  and  it  could  only  be  cleared  from  this  suspicion  on  proof 
of  efficient  purification  lifter  its  pollution  by  animal  matter.  To 
render  the  water  safe  for  domestic  use  the  animal  pollution  must 
liave  occurred  hefore  it  became  spring  water. 

It  is  upon  this  part  of  the  investigation  of  potal^le  water  that 
the  next  four  determinations  have  a  very  important  bearing. 

4.  Ammonia. — This  mineral  nitrogenous  compound  is  rarely 
absent  from  potable  waters,  which  derive  it,  sometimes  from  the 
atmosphere,  but  more  usually  from  decomposing  animal  matters. 
Eain  water  falling  in  London  sometimes  contains  as  much  as  0'21 
part  of  ammonia  in  100,000  parts  of  water,  but  this  is  exceptional, 
and  the  proportion  rarely  exceeds  one-third  of  that  amount.  The 
average  quantity  present  in  71  samples  of  rain  water  collected  at 
Eothamsted,  near  St.  Albans,  was  0"049  part  in  100,000  parts  of 
water.  In  river  water  the  proportion  rarely  exceeds  O'Ol  part,  in 
unpolluted  well  water  it  is  usually  less,  whilst  in  spring  water  it  is 
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either  absent  altogether  or  present  in  only  very  minute  proportion 
On  the  other  hand,  it  often  abounds  in  the  water  of  much  polluted 
shallow  weUs.    The  proportion  of  ammonia  in  the  London  shallow 
weU  waters  sometimes  rises  as  high  as  2-75  parts  in  100,000  parts 
of  water.  In  contact  with  animal  matter  and  under  the  operation  of 
oxidismg  influences,  ammonia  is  very  rapidly  converted  into  nitrites 
and  nitrates,  and  its  presence  therefore  in  considerable  proportion 
in  shallow  well  waters  indicates  their  very  recent  contamination 
with  animal  matters.    Its  occurrence  in  water  from  deep  wells, 
however,  does  not  permit  of  the  same  inference  being  drawn^ 
because  we  find  that  in  such  water  the  decomposition  of  nitrates 
not  unfrequently  gives  rise  to  ammonia.     This  is  particularly  the 
case  in  very  deep  wells,  and  in  those  which  are  sunk  into  the 
Chalk  beneath  the  London  Clay.     The  ammonia  which  occurs 
under  such  circumstances  is  obviously  still  more  remote  from  the 
animal  matter  whence  it  originated,  than  the  nitrates  from  which 
It  was  immediately  derived,  and  which  were  themselves  generated 
by  the  oxidation  of  animal  matter. 

The  chief  significance  attaching  to  the  determination  of  ammo- 
nia in  potable  water  lies  in  the  circumstance  that  this  compound 
is  derived  almost  exclusively  from  the  decomposition  of  animal 
matter.  It  is  obvious,  however,  from  the  considerations  just 
mentioned,  that  aU  inferences  to  be  drawn  from  its  presence  must 
be  controlled  by  a  study  of  the  physical  and  chemical  history  of 
the  water. 

5.  Nitrogen  as  Nitrates  and  Nitrites. — In  the  presence  of 
oxygen,  the  nitrogen  of  animal  matters  is  transformed,  in  great 
part,  into  nitric  acid  and  nitrous  acid ;  and  these,  by  combining 
with  the  basic  substances  always  present  in  polluted  water,  are  in 
their  turn  transformed  into  nitrates  and  nitrites.  This  transforma- 
tion takes  place  most  rapidly  and  completely  when  the  polluted 
water  soaks  through  aerated  soil.  Thus  97  per  cent,  of  the  com- 
bined nitrogen  of  London  sewage  is  converted  into  nitrates  during 
its  slow  percolation  through  a  stratum  of  gravelly  soil  only  5  feet 
thick. 

Whilst  the  oxidation  of  animal  matters  in  solution  in  water 
yields  abundance  of  nitrates  and  nitrites,  vegetable  matters  furnish 
under  like  circumstances  none,  or  mere  traces,  of  these  compounds. 
Upland  waters,  which  have  been  in  contact  only  with  mineral 
matters  or  with  the  vegetable  matter  of  uncultivated  soil,  contain, 
if  any,  mere  traces  of  nitrogen  in  the  form  of  nitrates  and  nitrites ; 
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l,«t  as  soon  as  the  water  comes  into  contact  with  cultivated  land, 
or  is  polluted  by  the  drainage  from  farmyards  or  human  habita- 
tions nitrates  in  abundance  make  their  appearance;  The  presence 
of  these  salts  in  sufficient  quantity  is,  therefore,  tmstworthy 
evidence  of  the  previous  pollution  of  the  water  with  anima 
matters.  It  must  be  borne  in  mind,  however,  that  nitric  and 
nitrous  acids  are  present,  though  in  but  minute  quantity,  in  the 
atmosphere,  and  that  rain  washes  them  out  of  the  air  through 
wliich  it  falls.  In  71  samples  of  rain  water  collected  at  Kotham- 
'  sted  the  proportion  of  nitrogen  as  nitrates  and  nitrites  varied  from 
0  to  0-044  part  in  100,000  parts  of  water.  Even  the  highest 
proportion,  which  occurred  only  once,  is  a  very  small  one,  and 
one  that  is  never  met  with  in  unpolluted  upland  waters. 

6.  Total  combined  Nitrogen. — The  element  nitrogen  may  exist 
in  water  in  four  forms ;  viz. :— firstly  as  a  constituent  of  organic 
matter,  secondly  as  a  constituent  of  ammonia,  thirdly  as  a  com- 
pound of  nitrates  and  nitrites,  and  fourthly  as  a  constituent  of 
dissolved  atmospheric  air.    In  the  last  case,  the  nitrogen  is  in  the 
free  or  elementary  condition ;  and  as  it  neither  pollutes  the  water 
nor  throws  any  light  upon  its  previous  pollution,  it  may  be  left 
out  of  consideration.    In  aU  the  other  three  forms,  the  nitrogen  is 
combined  with  other  elements,  constituting  either  polluting  matter 
or  the  resultant  of  previously  existing  polluting  matter.     With  a 
slight  .deduction  for  the  minute  amount  of  this  element  which  is 
met  with  in  combination  in  rain  water,  the  determination  of  total 
combined  nitrogen  sums  up,  as  it  were,  the  evidence  of  the  past 
and  present  pollution  of  each  water  by  nitrogenous  organic  matter 
of  either  animal  or  vegetable  origin.    The  evidence  is  unfortu- 
nately defective,  especially  in  spring  and  summer,  because  some  of 
the  compounds  containing  nitrogen  constitute  an  important  part  of 
the  food  of  both  animal  and  vegetable  organisms.  Combined 
nitrogen  also  suffers  diminution  whenever  the  organic  matter  in 
the  water  enters  into  putrefaction  or  undergoes  oxidation  in  the 
absence  of  atmospheric  oxygen  and  in  the  presence  of  nitrates  and 
nitrites.    The  latter  salts  supply,  under  these  circumstances,  the 
oxygen  required  to  transform  the  carbon  and  hydrogen  of  the 
organic  matter-  into  carbonic  anhydride  and  water,  whilst  their 
nitrogen  is  converted  only  to  a  slight  extent  into  ammonia,  the 
rest  being  set  free  and  consequently  ceasing  to  exist  as  combined 
nitrogen.    It  is  thus  that  the  water  of  very  deep  wells  frequently 
retains  few  or  no  traces  of  the  nitrates  and  nitrites  which  it  pre- 
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viously  l,eld  in  solution,  wMst  a  comparatively  small  proportion 
of  ammonja  is  found  m  their  place.  The  artesian  wells  TunZ 
afford  stnkmg  .nstanoes  of  this  destruction  of  nitrates  and  conse" 
quently  of  combined  nitrogen. 

7.  Previous  Sewage  or  Animal  ContamiTiatinTi  if 

mattei  dissolved  m  water,  such  as  those  contained  in  sewage  the 

oxidation  m  lakes,  rivers,  and  streams  very  slowly,  but  in  the 
pores  of  an  open  soH  very  rapidly.    When  this  oxiLon  is  com! 
plete,  they  are  resolved  into  mineral  compounds  ;-their  carbon  is 
converted  into  carbonic  anhydride,  and  their  hydrogen  into  water 
products  which  can  no  longer  be  identified  in  the  aerated  waters  of 
a  river  or  spring;  but  their  nitrogen  is  transformed  partly  into 
ammonia,  chiefly  however  into  nitrous  and  nitric  acids  which 
combining  with  the  bases  present  in  nearly  all  water  that  has 
been  m  contact  with  the  earth,  form  nitrates  and  nitrites,  and  fre- 
quently remain  dissolved  in  the  water  for  a  long  time ;— there  con- 
stituting a  record  of  the  sewage  or  other  analogous  contamination 
to  which  It  has  been  subjected  since  its  last  descent  to  the  earth 


as  ram. 


It  is  convenient  to  have  a  concrete  expression  for  the  amount 
of  previous  animal  contamination  revealed  by  this   record  of 
the  past  history  of  Avater.     Such  an  expression  is  obtained  by 
taking  as  a  standard  of  comparison  the  amount  of  total  combined 
nitrogen  contained  in  solution  in  100,000  parts  of  average  London 
sewage.  Although  a  considerable  proportion  of  this  nitrogen  is  found 
at  the  sewer  outfall  in  the  condition  of  ammonia,  it  is  well  known 
that  in  the  perfectly  fresh  sewage  the  nitrogen  of  this  ammonia 
was  present  as  a  constituent  of  animal  organic  matter.    The  earlier 
analyses  of  London  sewage  made  by  Hofmann  and  Witt,  give  the 
number  8-363  as  the  amount  of  total  combined  nitrogen  contained 
in  100,000  parts  of  average  London  sewage.    More  recent  analyses 
show  that  100,000  parts  of  average  London  sewage  now  contain 
only  7-06  parts  of  total  combined  nitrogen.  This  difference  is  doubt- 
less owing  to  the  more  abundant  supply  of  water  to  the  metropolis 
at  the  later  period.    For  simplicity,  however,  a  round  number  (10; 
is  assumed  as  the  amount  of  total  combined  nitrogen  in  solution  in 
100,000  parts  of  average  London  sewage. 

In  estimating,  in  terms  of  this  standard,  the  previous  animal 
contamination  of  water,  from  tlie  proportion  of  nitrogen,  in  the 


POTABLE  WATEES. 


■557 


form  of  ammonia  and  of  nitrates  and  nitrites,  which  it  holds  in 
solution,  it  is  necessary  to  bear  in  mind  that  rain  water  itself  con- 
tains these  substances,  although  in  minute  quantities.  The  average 
composition  of  samples  of  rain  water  collected  at  Eothamsted  gives 
the  amount  of  nitrogen  in  these-forms  as  0-032  in  100,000  parts  of 
water. 

After  this  number  (0-032)  has  been  subtracted  from  the  amount 
of  nitrogen,  in  the  forms  of  nitrates,  nitrites,  and  ammonia,  found 
in  100,000  parts  of  a  potable  water,  the  remainder,  if  any,  repre- 
'^ents  the  nitrogen  derived  from  oxidised  animal  matters  with 
which  the  water  has  been  in  contact.  Thus  a  sample  of  water 
which  contains,  in  the  forms  of  nitrates,  nitrites,  and  ammonia, 
0-326  part  of  nitrogen  in  100,000  parts,  has  obtained  0-326  — 
■0-032  =  0-294  part  of  that  nitrogen  from  animal  matters.  Now 
this  last  amount  of  combined  nitrogen  is  assumed  to  be  contained 
in  2,940  parts  of  average  London  sewage,  and  hence  such  a  sample 
is  said  to  exhibit  2,940  parts  of  previous  sewage  or  animal  con- 
tamination in  100,000  parts;  or  in  other  words,  100,000  lbs.  of  the 
water  contain  the  mineral  residue  of  an  amount  of  animal  organic 
matter  equal  to  that  found  in  2,940  lbs.  of  average  London  sewage. 

It  must  not  be  forgotten,  however,  that  the  absence  of  nitrogen 
in  these  forms  is  not  absolutely  conclusive  evidence  of  immunity 
from  this  pollution.  There  are  several  agencies  at  work  by  which 
this  testimony,  as  to  the  amount  of  animal  matter  previously  in 
the  water,  may  be  weakened  or  altogether  destroyed.  Thus  we 
look  in  vain  for  the  full  evidence  of  previous  animal  pollution  in 
the  effluent  water  from  fields  irrigated  with  sewage ;  because  the 
growing  plants  have  removed  a  considerable  proportion  of  ammo- 
nia, nitrates,  and  nitrites,  from  the  liquid  as  it  flows  amongst  their 
rootlets.  In  like  manner  the  aquatic  vegetation  of  rivers,  lakes, 
and  reservoirs,  slowly  removes  these  compounds  from  the  water, 
and  to  that  extent  destroys  the  evidence  of  anterior  animal  con- 
tamination. Nitrates  and  nitrites  are  also  rapidly  destroyed  when 
the  organic  matter  in  the  water  containing  them  enters  into  putre- 
faction, a  condition  which  often  occurs  in  streams  or  reservoirs 
containing  much  polluting  organic  matter.  The  same  not  unfre- 
quently  takes  place  in  water-bearing  strata  far  removed  from  the 
surface,  although  the  water  in  this  case  may  contain  but  a  com- 
paratively small  amount  of  organic  matter ;  the  latter,  however 
cut  off  from  a  supply  of  atmospheric  oxygen — as  in  the  Chalk 
beneath  the  London  Clay  for  instance — accomplishes  its  oxidation 
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at  the  expense  of  the  nitrates  or  nitrites,  and  thus  destroys  tliem 
Owing  to  tins  cause,  the  evidence  of  previous  animal  contamination 
IS  not  met  with  in  the  water  of  some  deep  weUs  in  which  it  might 
otherwise  be  expected  to  occur. 

The  previous  animal  contamination  of  water,  as  deduced  from 
chemical  analysis,  must  therefore  always  be  regarded  as  a  mini- 
mum quantity;  it  does  not  denote  the  comparative  freedom  of 
different  samples  of  water  from  anterior  pollution ;  but  whenever 
analysis  shows  this  excess  of  nitrogen  in  the  shape  of  nitrates, 
nitrites,  and  ammonia,  the  water  stands  convicted  of  previous  con- 
tamination at  least  to  the  extent  so  indicated. 

The  importance  of  the  history  of  water  as  regards  its  anterior 
pollution  with  organic  matters  of  animal  origin,  does  not  arise  from 
the  presence  of  the  inorganic  residues  (nitrates,  nitrites,  and  ammo- 
nia) of  the  original  polluting  matters,  for  these  are  in  themselves 
innocuous,  but  from  the  risk  lest  some  portion  (not  detectable  by 
chemical  or  microscopical  analysis)  of  the  noxious  constituents  of 
the  original  animal  matters  should  have  escaped  that  decomposi- 
tion, which  has  resolved  the  remainder  into  innocuous  mineral 
compounds.     This  evidence  of  previous  contamination  implies, 
however,  much  more  risk  when  it  occurs  in  water  from  rivers  and 
shallow  wells,  than  when  it  is  met  with  in  the  waters  of  deep 
wells  or  of  deep-seated  springs.     In  the  case  of  river  water,  there 
is  great  probability  that  the  morbific  matter,  sometimes  present  in 
animal  excreta,  will  be  carried  rapidly  down  the  stream,  escape 
decomposition,  and  produce  disease  in  those  persons  who  drink  the 
water  ;  for  the  organic  matter  of  sewage  undergoes  decomposition 
very  slowly  when  it  is  present  in  running  water.     In  the  case  of 
shallow  well  water,  the  decomposition  and  oxidation  of  the  organic 
matter  are  also  very  liable  to  be  incomplete  during  the  rapid 
passage  of  polluted  surface  water  into  shallow  wells.     In  the  case 
of  deep  well  and  spring  water,  however,  if  the  proportion  of 
previous  contamination  do  not  exceed  10,000  parts  in  100,000 
parts  of  water,  this  risk  is  very  inconsiderable,  and  may  be 
regarded  as  nil  if  the  direct  access  of  water  from  the  upper  strata 
be  rigidly  excluded  ;  because  the  prolonged  filtration  to  which  such 
water  has  been  subjected  in  passing  downward  through  so  great  a 
thickness  of  soil  or  rock,  and  the  rapid  oxidation  of  the  organic 
matters  contained  in  water,  when  the  latter  percolates  through  a 
porous  and  aerated  soil,  afford  a  considerable  guarantee  that  all 
noxious  constituents  have  been  removed. 


POTABLE  WATEES. 


559 


Tt  has  been  already  stated  that  chemical  analysis  cannot  dis- 
cover the  noxious  ingredient  or  ingredients  in  water  polluted  by 
infected  sewage  or  animal  excreta ;  and  as  it  cannot  thus  distm- 
cruish  between  infected  and  non-infected  sewage,  the  only  perfectly 
safe  course  is  to  avoid  altogether  the  use,  for  domestic  purposes,  of 
water  which  has  been  polluted  with  excrementitious  matters. 

Nevertheless,  as  it  is  very  difficult  in  some  localities  to  obtain 
water,  which  has  not  been  more  or  less  polluted  by  excrementitious 
matters,  it  is  desirable  to  classify  such  previously  contaminated 
drinking  waters  into — 

Eeasonably  safe  water. 
Suspicious  or  doubtful  water. 
Dangerous  water. 

Reasonally  Safe  Water.— Wd^tQx,  although  it  exhibits  previous 
sewage  or  animal  contamination,  may  be  regarded  as  reasonably 
safe  when  it  is  derived  either  from  deep  wells  (say  100  feet  deep), 
or  from  deep-seated  springs  ;  provided  that  all  contaminated 
surface  water  has  been  rigidly  excluded  from  the  well  or  spring, 
and  that  the  proportion  of  previous  contamination  does  not  exceed 
10,000  parts  in  100,000  parts  of  water. 

Suspicious  or  doubtful  ■  water  is,  first,  river  or  flowing  water 
which  exhibits  any  proportion,  however  small,  of  previous  sewage 
or  animal  contamination ;  and,  secondly,  well  or  spring  water  con- 
taining from  10,000  to  20,000  parts  of  previous  contamination  in. 
100,000  parts  of  water. 

Dangerous  water  is,  first,  river  or  flowing  water  which  exhibits 
more  than  20,000  parts  of  previous  animal  contamination  in 
100,000 ;  secondly,  river  or  flowing  water  containing  less  than  20,000 
parts  of  previous  contamination  in  100,000  parts,  but  which  is 
known,  from  an  actual  inspection  of  the  river  or  stream,  to  receive 
sewage,  either  discharged  into  it  directly  or  mingling  with  it  as 
surface  drainage ;  thirdly,  as  the  risk  attending  the  use  of  all  pre- 
viously contaminated  water  increases  in  direct  proportion  to  the 
amount  of  such  contamination,  well  or  deep-seated  spring  water 
exhibiting  more  than  20,000  parts  of  previous  contamination  in 
100,000  must  be  regarded  as  dangerous. 

Eiver  or  running  water,  containing  less  than  10,000  parts  of 
previous  animal  contamination,  should  only  be  provisionally  placed 
in  the  class  of  suspicious  waters,  pending  an  inspection  of  the 
banks  .of  the  river  and  tributaries ;  which  inspection  will  obviously 
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transfer  it  either  to  the  class  of  reasonably  safe  waters  if  the 
previous  contamination  be  derived  exclusively  from  sprin-  water 
or  to  the  class  of  dangerous  waters,  if  any  part  of  the  previous  con' 
tammation  be  traced  to  the  dii-ect  admission  of  sewage  or  excre 
mentitious  matters.  ^ 

8  Chlorine -The  chlorine  found  in  potable  waters  is  always 
combined  with  other  elements,  and  chiefly  with  sodium  in  the 
form  of  sodic  chloride  or  common  salt.     A  knowledge  of  the 
proportion  of  chlorine  in  water  often  throws  important  light  upon 
the  history  of  the  water  as  regards  its  previous  contamination 
with  the  liquid,  as  distinguished  from  the  solid,  excrements  of 
animals.    Human  urine  contains  about  500  parts  of  chlorine  or 
824  parts  of  common  salt  in  100,000  parts,  whilst  upland  surface 
water  free  from  previous  or  present  pollution  rarely  contains  more 
than  1  part  of  chlorine  or  1-648  parts  of  common  salt  in  the  same 
weight ;  and  it  is  present  in  but  comparatively  minute  proportion 
in  the  solid  excrements  of  animals.    It  is  scarcely  necessary  to 
state  that  the  determination  becomes  valueless,  for  the  purpose  of 
indicating  previous  sewage  contamination,  in  the  neighbourhood  of 
the  sea  and  of  natural  deposits  of  salt.     The  normaf  proportion  of 
chlorine,  as  common  salt,  existing  in  British  waters  which  have 
never  been  polluted  by  excrementitious  matters  is,  as  just  stated, 
about  1  part  in  100,000  parts  of  water;  but  it  varies  considerably 
in  different  parts  of  the  country.     Thus  at  the  Lands  End  with  a 
strong  wind  from  the  S.W.  even  rain  water  contains  as  much  as 
21-8  parts  of  chlorine  in  100,000  parts,  while  the  Gelder  Burn  at 
Balmoral  contained  on  March  9th,  1872,  only  0-35  part  in  100,000 
parts.    Unpolluted  rivers  and  lakes  in  inland  countries  contain 
still  less.    Thus  the  Ehine  at  Schaff'hausen  contains  only  0-2  part, 
and  the  lakes  of  Zug  and  Zlirich  0-27  and  017  part  respectively  in 
100,000  parts  of  water.     The  proportion  of  chlorine  in  rain  water 
varies  in  like  manner,  and  the  variation  is  also  here  doubtless  due 
to  the  varying  distance  from  the  sea  at  which  the  rain  falls.  Thus 
whilst  rain  water  at  the  Lands  End  was  fouud  to  contain  21-8 
parts,  the  average  proportion  in  rain  falling  in  the  centre  of  India 
was  only  0  03  part. 

9.  Hardness. — Some  of  the  mineral  substances  which  occur  in 
solution  in  potable  waters  communicate  to  the  latter  the  quality  of 
hardness.  Hard  water  decomposes  soap,  and  cannot  be  eificiently 
used  for  washing.  The  chief  hardening  ingredients  met  with  in 
potable  waters  are  the  salts  of  lime  and  magnesia.     In  the  decom- 
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position  of  soap,  these  salts  form  curdy  and  insoluble  compounds 
containing  the  fatty  acids  of  the  soap,  and  the  lime  and  magnesia 
of  the  salts.  So  long  as  this  decomposition  goes  on,  the  soap  is 
useless  as  a  detergent,  and  it  is  only  after  all  the  lime  and  mag- 
nesia salts  have  been  decomposed  at  the  expense  of  the  soap,  that 
the  latter  begins  to  exert  a  useful  effect ;  as  soon  as  this  is  the  case, 
however,  the  slightest  further  addition  of  soap  produces  a  lather 
when  the  water  is  agitated,  but  this  lather  is  again  destroyed  by 
the  addition  of  a  further  quantity  of  the  hard  water.  Thus  the 
addition  of  hard  water  to  a  solution  of  soap,  or  the  converse  of  this 
operation,  causes  the  production  of  the  insoluble  curdy  matter 
above  mentioned.  These  facts  render  intelligible  the  process  of 
washing  the  skin  with  soap  and  hard  water : — The  skin  is  first 
wetted  with  the  water  and  then  soap  is  applied ;  the  latter  soon 
decomposes  all  the  hardening  salts  contained  in  the  small  quantity 
of  water  with  which  the  skin  is  covered,  and  there  is  then  formed 
a  strong  solution  of  soap  which  penetrates  into  the  pores.  This  is 
the  process  which  goes  on  whilst  a  lather  is  being  produced  in 
personal  ablution  ;  and  now  the  lather,  and  the  impurities  vs^hich  it 
has  imbibed,  require  to  be  removed  from  the  skin, — an  operation 
which  can  be  performed  in  one  of  two  ways,  viz.,  either  by  wiping 
the  lather  off  with  a  towel,  or  by  rinsing  it  away  with  water.  In 
the  former  case,  the  pores  of  the  skin  are  left  filled  with  soap  solu- 
tion ;  in  the  latter  they  become  clogged  with  the  greasy,  curdy 
matter  which  results  from  the  action  of  the  hard  water  upon  the 
solution  which  had  previously  gained  possession  of  the  pores  of  the 
cuticle.  As  the  latter  process  of  removing  the  lather  is  the  one 
universally  adopted,  the  operation  of  washing  with  soap  and  hard 
water  is  analogous  to  that  used  by  the  dyer  and  calico-printer 
when  he  fixes  his  pigments  in  calico,  woollen,  or  silk  tissues.  The 
pores  of  the  skin  are  filled  with  insoluble,  greasy,  and  curdy  salts 
of  the  fatty  acids  contained  in  the  soap,  and  it  is  only  because 
the  insoluble  pigment  produced  is  white,  or  nearly  so,  that  such 
a  repulsive  operation  is  tolerated.  To  those,  however,  who 
have  been  accustomed  to  wash  in  soft  water,  the  abnormal  con- 
dition of  the  skin  thus  induced  is,  for  a  long  time,  extremely 
unpleasant. 

Of  the  hardening  salts  present  in  potable  water,  carbonate  of 
lime  is  the  one  most  universally  met  with ;  and  to  obtain  a  numeri- 
cal expression  for  this  quality  of  hardness,  a  sample  containino- 
1  lb.  of  carbonate  of  lime  or  its  equivalent  of  other  hardenino-  salts 
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in  100,000  lbs.  is  said  to  have  one  degree  of  hardness  Each 
degree  of  hardness  indicates  the  destruction  and  Avaste  of  12  lbs 
of  the  best  hard  soap  by  100,000  lbs.,  or  10,000  gallons  of  the 
water,  when  used  for  washing. 

Hard  water  frequently  becomes  softer  after  it  has  •  been  boiled 
for  some  time.  When  this  is  the  case,  a  portion  at  least,  of  the 
original  hardemng  effect  is  due  to  the  acid  carbonates  of  lime  and 
magnesia.  These  salts  are  decomposed  in  boiling  water  into  free 
carbomc  anhydride,  which  escapes,  and  the  carbonates  of  lime  and 
magnesia.  The  latter,  being  nearly  insoluble  in  water,  cease  to 
exert  more  than  a  very  slight  hardening  effect.  As  the  hardness 
resulting  from  the  carbonates  oif  Hme  and  magnesia  is  thus  remov- 
able by  boiHng  the  water,  it  is  designated  temporary  hardness 
whilst  the  hardening  effect,  which  is  due  chiefly  to  the  sulphates 
of  lime  and  magnesia,  and  cannot  be  got  .rid  of  by  boiling,  is 
termed  permanent  hardness.  The  total  hardness  of  a  wate°r  is 
therefore  commonly  made  up  partly  of  temporary  and  partly  of 
permanent  hardness. 

Hard  water  not  only  acts  injuriously  when  it  is  used  for  wash- 
ing ;  but,  when  it  is  employed  for  the  generation  of  steam,  it  forms 
troublesome  and  dangerous  incrustations  in  the  boiler.  A  constant 
supply  of  hot  water  has  become  almost  a  necessity  in  every  house- 
hold, but  great  difficulties  are  thrown  in  the  way  of  its  attainment 
by  the  supply  of  hard  water  to  towns,  owing  to  the  formation  of 
thick  calcareous  crusts  in  the  heating  apparatus.  Waters  which 
have  much  temporary  hardness  are  most  objectionable  in  this 
respect,  and  the  evil  is  so  great  where  the  heating  is  effected  in  a 
coil  of  pipe,  as  practically  to  prevent  the  use  of  this  most  conve- 
nient mode  of  heating  water. 

The  hardness  of  rain  water  varies  from  0°  to  10°.  The  latter 
degree  of  hardness  is,  however,  only  attained  near  the  seashore  and 
in  rough  weather.  At  Eothamsted,  in  seventy- one  samples,  it 
never  exceeded  17°  and  averaged  only  0-49°  The  hardness  of 
water  which  has  once  touched  the  earth  depends  obviously  upon 
the  character  of  the  gathering  ground  or  water-bearing  stratum 
over  or  through  which  it  passes,  and  also  upon  the  length  of  time 
during  which  it  has  been  in  contact  with  the  earth.  Calcareous 
and  magnesian  soils  or  strata  cause  the  water  passing  over  or 
through  them  to  be  hard.  If  the  calcareous  or  magnesian  matter 
contain  carbonate  of  lime  or  carbonate  of  magnesia,  a  portion  at 
least  of  the  hardness  will  be  temporary.    If,  on  the  other  hand, 
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gypsum  (si^lphate  of  lime)  be  the  calcareous  material,  the  hardness 
will  be  permanent.  Unpolluted  water  collected  from  Igneous 
rocks,  either  as  surface  drainage  or  springs,  is  the  softest.  Its 
hardness  varies  from  04°  to  5-9°,  and  averages  2-4°.  Next  to  this 
in  softness,  must  be  ranged  the  unpolluted  waters  from  Metamor- 
phic,  Cambrian,  Silurian,  and  Devonian  rocks,  the  Millstone  Grit, 
London  Clay,  and  Bagshot  Beds,  wMch  range  from  04°  to  32-5°, 
and  average  5-6°  The  Lower  Greensand  also  yields  very  soft 
water  (about  4°  of  hardness)  when  the  water  does  not  previously 
percolate  through  calcareous  strata,  but  this  is  so  rarely  the  case  as 
to  prevent  any  reliance  from  being  placed  upon  the  softness  of 
Greensand  water.  The  hardness  of  unpolUited  Greensand  water 
sometimes  ranges  as  high  as  44°. 

Amongst  the  slightly  calcareous  strata,  the  ISTew  Eed  Sandstone 
generally  yields  water  of  medium  hardness ;  a  large  proportion  of 
the  hardness  is,  however,  frequently  permanent.  In  fifty-one 
samples  of  unpolluted  N"ew  Eed  Sandstone  water,  the  temporary 
hardness  ranged  from  0°  to  19-8°,  and  averaged  7-7° ;  whilst  the 
total  hardness  varied  from  5'7°  to  35-7°,  and  averaged  17-9°. 

Of  true  calcareous  strata,  the  Mountain  Limestone  yields  water 
of  least  total  hardness,  whilst  the  permanent  hardness  is  in  general 
only  a  small  proportion  of  the  total,  The  analysis  of  nineteen 
samples  of  unpolluted  limestone  water  showed  a  total  hardness 
varying  from  9-8°  to  27'9°,  and  averaging  157°.  The  permanent 
hardness  ranged  from  3-3°  to  12-9°  and  averaged  7"1°. 

The  Dolomite  or  Magnesian  Limestone  generally  imparts  to 
water  great  hardness,  of  which  a  large  proportion,  and  sometimes 
nearly  the  whole,  is  permanent.  This  stratum  occupies,  however,  a 
comparatively  small  area  in  this  country,  and  the  water  is  conse- 
quently but  little  used  for  domestic  purposes.  In  five  samples  the 
total  hardness  varied  from  14-7°  to  67-3^,  and  averaged  41-2°; 
wliilst  the  permanent  hardness  varied  from  8-3°  to  40'8°,  averaging 
24-8° ;  and  the  temporary  hardness  from  0*8°  to  26-5°,  averaging 
16-4° 

The  Lias  yields  water  of  variable,  but  nearly  always  great, 
hardness.  The  permanent  hardness  of  water  from  this  geo- 
logical formation  is  also  almost  invariably  high.  In  ten  samples, 
the  total  hardness  ranged  from  10-3°  to  SO'^,  and  averaged  29°; 
the  permanent  hardness  varied  from  1'7°  to  17-4°,  averaging  8-2°; 
and  the  temporary  hardness  from  8-6°  to  35-3^,  averaging  20-9°. 

The  Oolite  and  Chalk  strata  yield  water  of  great,  but  chiefly 
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temporary,  hardness.  In  forty-two  samples  of  unpolluted  Oolitic 
water,  the  total  hardness  ranged  from  4-2°  to  35-2°,  and  averaged 
22-4° ;  the  permanent  hardness  varied  from  3-5°  to  13-5°,  averag- 
ing 6-1° ;  whilst  the  temporary  hardness  was  from  0°  to  25-7°,  and 
on  the  average  16-3°, 

In  ninety-five  samples  of  unpolluted  water  from  the  Chalk,  the 
total  hardness  ranged  from  124°  to  50°,  and  averaged  26-1° the 
permanent  hardness  ranged  from  2-?°  to  13-8°,  averaging  61°; 
whilst  the  temporary  hardness  varied  from  6-8°  to  38-6°  and 
averaged  20-2°. 

The  ChaUc  beneath  the  London  Clay  yields  water  which  is 
usually  much  softer  than  that  obtained  from  Chalk  which  is  not 
covered  by  an  impervious  stratum.  In  fourteen  samples  of 
water  from  tliis  source,  the  total  hardness  ranged  from  0-9°  to 
48-5°  the  average  being  18-9°;  the  permanent  hardness  varied 
from  0-9°  to  25-4°,  but  this  extreme  number  and  the  extreme  of 
total  hardness  occurred  only  in  the  water  from  a  deep  well  at 
Harrow-on- the-Hill.  Omitting  this  well,  the  extreme  total  hard- 
ness was  28-2°  and  the  extreme  permanent  hardness  9-7° ;  whilst, 
omitting  the  Harrow  sample,  the  temporary  hardness  varied  from 
0°  to  21-2,  and  averaged  7-1° 

The  Coal  Measures  yield  water  of  very  variable  hardness, 
owing  to  the  variety  in  chemical  composition  presented  by  these 
rocks.  The  surface  waters  are  generally  very  soft,  but  those 
derived  from  springs  and  deep  wells  are  not  unfrequently  very 
hard.  In  sixty  samples,  the  total  hardness  varied  from  2"3°  to  75°, 
and  averaged  147° ;  the  permanent  hardness  ranged  from  1-2°  to 
48'5°,  and  averaged  9*6° ;  whilst  the  temporary  hardness  varied 
from  0°  to  28-2°. 

Water  obtained  from  any  stratum  permeable  to  the  foul  liquids 
of  sewers,  middens,  and  cess-pits  is  always  hard,  and  generally 
exhibits  a  large  proportion  of  permanent  hardness.  The  food  of 
man  and  beast  contains  considerable  quantities  of  lime,  nearly  the 
whole  of  which,  in  the  adult,  is  discharged  in  the  liquid  and  sohd 
excrements.  In  258  samples  of  shallow  well  water  polluted  by 
excrementitious  matters  to  such  an  extent  as  to  exhibit  evidence  of 
10,000  parts  and  upwards  of  previous  sewage  or  animal  contamina- 
tion, the  total  hardness  ranged  from  9-8°  to  191°,  and  averaged  50-7°; 
the  permanent  hardness  varied  from  3'8°  to  164-3°,  and  averaged 
31-7°;  whilst  the  temporary  hardness  ranged  from  0°  to  49-2°,  and 
averaged  19°. 
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10.  Mineral  Matters  in  Suspension— The  mineral  matters  m 
suspension  in  potable  water  are  almost  invariably  of  an  innocuous 
character,  but  they  diminish  or  altogether  destroy  the  transparency 
and  brilliancy  of  the  water,  and  impart  a  repulsive  appearance, 
which  often  leads  to  the  rejection  of  a  wholesome  water  for  a  bright 
and  sparkling  though  dangerous  one.  Slow  filtration  through 
sand  is  ahnost  invariably  effective  for  the  removal  of  visible  sus- 
pended matters,  but  the  washings  of  clay  soils  are  very  difficult  to 
render  bright  by  sand  filtration;  and  in  all  cases  filtered  water,  if 
turbid  previous  to  filtration,  may  always  be  shown,  by  suitable 
optical  means,  to  be  full  of  minute  suspended  particles,  although  to 
unassisted  vision  it  is  perfectly  clear  and  transparent. 

11.  Organic  Matters  in  Suspension.— The  organic 
matters  in  suspension  in  potable  water  possess  not  only  all  the 
objectionable  qualities  of  similar  matters  of  mineral  origin,  but  in 
addition  they  are  sometimes  actively  injurious,  and  they  always 
promote  the  development  of  crowds  of  animalcules.  Their  presence 
in  drinking  water  is  therefore  much  more  objectionable  than  is 
the  occurrence  of  mineral  matters  in  suspension.  Like  the  sus- 
pended mineral  matters,  the  finely  divided  organic  matters  in  sus- 
pension cannot  be  entirely  removed  by  sand  filtration. 

The  Sixth  Eeport  of  the  Eivers  Pollution  Commission  gives 
the  results  of  the  chemical  examination  of  1,272  samples  of  potable 
water  collected  under  the  most  widely  different  conditions,  and 
comprehending  81  samples  of  rain  water,  372  samples  of  surface 
water,  419  samples  of  shallow  well  water,  180  samples  of  deep 
well  water,  and  220  samples  of  spring  water.  This  extended 
investigation  of  waters  which  have  drained  from  the  surface 
of,  or  percolated  through  the  most  important  geological  forma- 
tions of.  Great  Britain,  affords,  the  Commissioners  say,  a  broad 
basis  hitherto  unattainable,  upon  which  to  found  conclusions  as 
to  the  relative  merits  of  potable  waters  from  these  various 
sources.  The  results  of  this  research  are  quite  conclusive  as  to 
the  sources  from  which  the  best  water  for  domestic  purposes  is  to 
be  obtained.  They  show  that  rain  water  contains  the  smallest  pro- 
portion of  total  solid  impurity,  but  by  no  means  the  smallest 
proportion  of  that  most  objectionable  of  impurities,  organic  matter. 
The  rain  drops  concentrate  within  themselves  the  organic  dust  and 
dirt  diffused  through  vast  volumes  of  atmospheric  air,  and  every- 
where visible  when  a  ray  of  sunlight  illuminates  them.  Eain 
•water,  collected  from  the  roofs  of  houses  at  a  distance  from  towns, 
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carefully  stored  and  filtered,  may  be  made  into  a  fairly  good  and 
wholesome  potable  water ;  but  when  it  is  collected  from  the  surface 
of  uncultivated  land,  allowed  to  subside  in  lakes  or  reservoirs  or 
filtered  through  sand,  it  becomes  of  good  quality  for  domestic,  'and 
still  more  so  for  manufacturing  purposes.  Numerous  large  towns 
both  m  England  and  Scotland,  are  supplied  with  water  of  this 
description.  Non-calcareous  strata  are  generally  selected  as 
gathering  gi-ound,  and  then  the  water  is  soft  and  well  adapted  both 
for  washing  and  for  almost  all  manufacturing  operations.  It  is 
nearly  always  wholesome,  but  sometimes  suffers  in  palatability  by 
containing  an  excessive  quantity  of  peaty  matter  in  solution.  This 
evH  may  be  materially  abated  by  the  use  of  sand  filters. 

Seeing  that  rapid  filtration  through  a  few  feet  of  sand  can 
materially  improve  the  quality  of  surface  water,  by  removing  some 
of  the  organic  impurity  which  it  contains  in  solution,  we  are  pre- 
pared to  find  a  much  greater  improvement  when  the  water  is  drawn 
from  deep  wells  or  springs,  to  which  it  could  only  gain  access  by 
slow  natural  percolation  through  a  great  thickness  of  porous  rock 
or  earth.  Under  such  circumstances,  the  powerful  oxidising 
influences  of  a  porous  and  aerated  soil  are  brought  to  bear  upon 
the  organic  matter  dissolved  in  the  water.  It  is  not,  therefore, 
surprising  to  find  that  surface  water  should  be  almost,  or  even 
quite,  exhaustively  purified  from  such  matter,  by  the  natural  inter- 
mittent filtration  which  transforms  it  into  spring  or  deep  well 
water.  Mere  exposure  to  the  au-,  however,  even  if  accompanied 
by  violent  agitation,  is  comparatively  powerless  for  the  removal  of 
polluting  organic  matter  from  water. 

Surface  water,  draining  from  cultivated  land,  is  always  more  or 
less  polluted  with  the  organic  matter  of  manure.    Such  water  of 
course  contributes  very  largely  to  rivers  and  streams  which  have 
already  descended  from  their  mountain  or  upland  sources.  Even 
when  not  contaminated  by  the  actual  admission  into  it  of  the  sewage 
of  towns  and  villages,  it  is  not  of  suitable  quality  for  domestic 
purposes,  but  when  it  is  further  polluted  by  excremental  drainage, 
its  use  for  drinking  and  cooking  becomes  fraught  with  great 
risk  to  health.    Still  more  dangerous  to  health  is  the  water  drawn 
from  shallow  wells,  no  matter  upon  what  geological  formation  they 
may  be  sunk,  when  they  are  situated,  as  is  usually  the  case,  near 
privies,  drains,  or  cesspools.    Many  severe  outbreaks  of  epidemic 
disease  have  been  traced  to  the  use  of  such  water  in  villages  and 
towns,  and  there  is  strong  reason  to  believe,  that  sporadic  attacks 
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of  typhoid  fever  often  occur  in  isolated  country  houses  from  the 
same  cause. 

In  respect  of  wholesomeness,  palatability,  and  general  fitness 
for  drinking  and  cooking,  waters  may  be  classified  in  the  following 
order  of  excellence : — 

r  1  •  ^P^'^S  "I  Very  palatable. 

Wholesome.  <  2,  Deep  well  water.  J 

Ls.  Upland  surface  water..  "\  Moderately  palat- 

r4.  Stored  rain  wa.ter.       J  able. 

Suspicious.  "<  5.  Surface  water  from  cultivated- 

t  land. 

rQ.  Eiver  water  to  which  sewage  ^Palatable. 
Dangerous.  <        gains  access. 

L7.  Shallow  well  water. 

Preference  should  always  be  given  to  spring  and  deep  well 
water  for  purely  domestic  purposes,  over  even  upland  surface 
water — not  only  on  account  of  the  much  greater  intrinsic 
chemical  pui-ity  and  palatability  of  these  waters,  but  also  because 
their  physical  qualities  render  them  peculiarly  valuable  for 
domestic  supply.  They  are  almost  invariably  clear,  colourless, 
transparent,  and  brilliant — qualities  which  add  greatly  to  their 
acceptability  as  beverages — whilst  their  uniformity  of  temperature 
throughout  the  year  renders  them  cool  and  refreshing  in  summer 
and  prevents  them  from  freezing  readily  in  winter.  Such  waters 
are  of  inestimable  value  to  communities,  and  their  conservation  and 
utilization  are  worthy  of  the  greatest  efforts  of  those  who  have  the 
public  health  under  their  charge. 

The  foregoing  remarks  have  reference  exclusively  to  the  use  of 
water  for  drinking  and  cooking, — applications  of  paramount  import- 
ance from  a  sanitary  point  of  view :  buf  a  large  proportion  of  the 
water  supplied  for  domestic  purposes  is  used  for  washing,  whilst  in 
many  towns  considerable  volumes  are  used  in  manufactories.  For 
all  these  latter  purposes  it  is  of  the  utmost  importance  that  the 
water  should  be  soft, — a  quality  which  is  not  always  associated 
with  wholesomeness  and  palatability.  Classified  according  to  soft- 
ness, the  waters  from  the  various  sources  fall  into  the  followiutr 
order : — 
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1.  Rain  water, 

2.  Upland  surface  water. 

3.  Surface  water  from  cultivated  land. 

4.  Polluted  river  water. 

5.  Spring  water. 

6.  Deep  well  water. 

7.  Shallow  well  water. 

The  interests  of  th.e  laundress  and  of  the  manufacturer  are  thus 
evidently  opposed  to  those  of  the  householder,  inasmuch  as  they 
lead  to  a  preference  for  moderately  palatable  or  even  unwholesome 
water  over  that  which  is  very  palatable  and  wholesome.  Most  of 
the  hard  waters  from  springs  and  deep  wells  can,  however,  be  easily 
and  cheaply  rendered  soft,  and  the  interests  of  the  householder  and 
manufacturer  thus  made  identical.  In  Clark's  process  of  softening 
water  with  lime,  the  sanitary  authorities  of  towns  have  at  their 
disposal  a  method  of  rendering  hard  water  from  springs  or  deep 
wells  available  for  washing  and  manufacturing  purposes,  without 
diminishing  either  its  palatability  or  its  wholesomeness. 

The  influence  of  geological  formation  upon  the  palatability  and 
wholesomeness  of  water  is  very  considerable.  In  the  case  of 
surface  water  this  influence  is  to  a  great  extent  masked,  or  indeed 
often  altogether  annulled,  by  superficial  deposits  of  vegetable 
matters,  such  as  peat,  upon  the  rocks ;  and  thus,  except  in  respect 
of  hardness  and  saline  constituents,  unpolluted  surface  waters 
from  the  most  widely  different  geological  formations  diff'er  but 
little  in  the  proportions  of  organic  matter  which  they  contain,  and 
consequently  in  their  palatability  and  wholesomeness.  But  when 
the  water  percolates  or  soaks  through  great  thicknesses  of  rock, 
its  quality,  when  it  subsequently  appears  as  spring  or  deep  well 
water,  depends  greatly  upon  tlie  nature  of  the  material  through 
which  it  has  passed.  When  the  formation  contains  much  soluble 
saline  matter,  the  water  becomes  loaded  with  mineral  impurities, 
as  is  frequently  the  case  when  it  percolates  through  certain  of  the 
Carboniferous  rocks,  the  Lias,  and  the  Saliferous  Marls.  When  the 
rock  is  much  fissured,  or  permeated  by  caverns  or  passages,  like 
the  Mountain  Limestone,  for  instance,  the  effluent  water  differs  but 
little  from  surface  drainage,  and  retains  most  of  the  organic  impu- 
rities with  which  it  was  originally  charged.  But  when  the  rock 
is  uniformly  porous,  like  the  Chalk,  Oolite,  Greensand,  or  New  Eed 
Sandstone,  the  organic  matter,  at  first  present  in  the  water,  is 
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aradually  oxidised  and  transformed  into  innocuons  mineral  com 
founds    In  effecting  this  most  desirable  transformation  and  thus 
renderinc.  the  water  sparkling,  colourless,  palatable,  and  wholesome, 
the  f oUo^ng  water-bearing  strata  are  the  most  efficient  :— 

1.  Chalk. 

2.  Oolite. 

3.  Greensand. 

4.  Hastings  Sand. 

5.  New  Eed  and  Conglomerate  Sandstone. 

This  is  seen  from  the  following  table,  in  which  the  average 
composition  of  unpolluted  water  from  various  sources  is  con- 
trasted : — 
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MAGNESIUM. 


MAGNESIUM,  Mg. 

Atomic  weigU  —  24-4.  Prohable  molecular  weight  =  24"4.  Sp.  gr. 
1-743.  Fuses  at  a  red  heat.  Volatilises  at  a  red  heat.  Atomicity  ". 
Evidence  of  atomicity : — 

Magnesic  chloride    Mg"Cl2. 

Magnesic  oxide    Mg"0. 

Magnesic  hydrate    Mg^'Hog. 

History. — Magnesic  sulphate  was  described  and  its  medicinal 
properties  pointed  out  by  Grew  at  the  close  of  the  seventeenth 
century.    The  metal  was  first  isolated  by  Davy. 

Occurrence. — The  compounds  of  magnesium  are  widely  dis- 
tributed in  nature.  It  occurs  as  carbonate  in  magnesite,  COMgo"  ; 
as  dihydric  magnesic  sulphate  in  Jcieserite,  SOHo2Mgo",  and 
Epsom  "salts,  SOHo2Mgo",60H2  ;  as  sihcate  in  enstatite,  SiOMgo'', 
in  ophite  or  noble  serpentine,  Si20Mgo"3,  in  talc,  SigOgMgo''^, 
and  other  minerals.  In  combination  with  other  bases,  as  double 
salts,  it  occurs  in  enormous  quantities  as  dolomite,  a  carbonate  of  iso- 
morphous  calcium  and  magnesium,  ??i,COCao",%COMgo";*  as  Tcainite, 

S02Ko(^^^Mg^,30H2;  as  carnallite,  MgCl2,KCl,60Il2 ;  and  in  a 

great  number  of  silicates.  The  sulphate  and  chloride  are  also 
found  in  saHne  springs  and  in  sea-water.  It  occurs  in  smaU  quan- 
tities in  the  animal  and  vegetable  kingdoms :  thus,  in  the  bones  of 
animals  and  in  the  seeds  of  plants. 

Preparation. — Magnesium  may  be  obtained  by  the  electrolysis 
of  the  fused  chloride,  but  is  more  conveniently  prepared  by  the 
action  of  sodium  on  the  chloride.  A  mixture  of  6  parts  of  fused 
magnesic  chloride,  1  part  of  powdered  fluorspar,  1  part  of  a  mixture 
of  sodic  and  potassic  chloride  in  equal  molecular  proportions,  and 
1  part  of  sodium  in  small  pieces,  is  thrown  into  a  red-hot  crucible, 
which  is  quickly  closed.  As  soon  as  the  reaction  is  over  the 
crucible  is  removed  from  the  fire  and  allowed  to  cool  to  below  red- 
ness, after  which  the  contents  are  stirred  with  a  pipe-stem,  in  order 
to  cause  the  globules  of  magnesium  to  unite.  When  quite  cold, 
the  solidified  slag  is  broken  up,  and  the  magnesium  removed. 
Magnesium  is  now  manufactured  on  a  large  scale. 

Properties. — Magnesium  is  a  silver-white  lustrous  metal,  of 
sp.  gr.  1-743.    The  pure  metal  preserves  its  lustre  in  dry  air,  but 

«  See  p.  43, 
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becomes  covered  with  a  film  of  oxide  when  exposed  to  the  action 
of  moisture.    At  a  higher  temperature  it  may  be  pressed  into  the 
form  of  wire  or  ribbon,  an  operation  which  must  be  performed  with 
exclusion  of  an-.    It  fuses  at  a  red  heat,  and  may  be  distilled  in  a 
current  of  hydrogen.    Magnesium  wire  or  ribbon  may  be  ignited 
at  the  flame  of  a  candle,  and  burns  with  an  intensely  brilliant 
white  Hght  very  rich  in  chemically  active  rays,  a  property  which 
has  led  to  Its  use  in  photography.    Pure  magnesium  does  not 
decompose  water  even  at  100°.  Dilute  acids  dissolve  it  with  violent 
evolution  of  hydrogen.    Unlike  zinc  it  does  not  evolve  hydrogen 
when  heated  with  solutions  of  caustic  alkalis.    This  is  due  to  the 
fact  that  the  magnesic  hydrate,  which  would  be  formed,  is  not  solu- 
ble m  the  alkali.    Magnesium  gives  off  hydrogen  when  heated  with 
solutions  of  ammonia  salts,  the  magnesium  dissolving  in  the  form 
of  a  double  salt  of  magnesium  and  ammonium. 

ZJses.— Except  for  laboratory  purposes,  magnesium  is  employed 
exclusively  in  the  production  of  the  magnesium  light.  Besides  its 
application  in  photography  already  referred  to,  the  magnesium 
light  has  been  used  in  signaUing.  The  light  has  been  seen  at  sea 
at  a  distance  of  28  miles. 


COMPOUNDS  OF  MAGNESIUM  WITH  THE  HALOGENS 

Magnesic  chloride,  MgCl2.— This  compound  occurs  in  sea- 
water  and  in  salt  deposits.    It  is  formed  when  the  metal,  the  oxide, 
or  the  carbonate,  is  dissolved  in  hydrochloric  acid.    On  concen- 
trating the  solution,  the  chloride  is  deposited  in  monoclinic  crystals 
of  the  formula  MgCl2,60H2,  which  when  heated  give  off  their 
water  of  crystallisation,  but  at  the  same  time  are  partially  resolved 
into  magnesic  oxide  and  hydrochloric  acid.    In  order  to  obtain  the 
anhydrous  salt  in  a  state  of  purity,  12  parts  of  the  commercial 
oxide  are  dissolved  in  hydrochloric  acid ;  the  solution  is  shaken 
with  an  excess  of  oxide,  in  order  to  precipitate  alumina  and  iron, 
and,  after  filtering,  evaporated  to  dryness  with  27  parts  of  ammonic 
chloride.    The  resulting  magnesic  ammonic  chloride  is  carefully 
heated  to  expel  the  water  of  crystallisation,  and  is  afterwards 
ignited  in  a  platinum  crucible,  until  fumes  of  ammonic  chloride 
cease  to  be  given  off,  and  the  whole  has  fused  to  a  clear  liquid. 
The  anhydrous  chloride  solidifies  on  cooling  to  a  colourless  lami- 
nated crystalline  mass  with  a  lustrous  fracture.    It  deliquesces 
when  exposed  to  moist  air,  dissolves  in  water  with  evolution  of 
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heat,  and  is  also  readily  soluble  in  alcohol.  It  volatilises  at  a 
brif^ht  red  beat.  Magnesic  cbloride  is  employed  in  dressing  cotton 
gQQjjg. — Magnesic  cbloride  combines  with  magnesic  oxide  to  form 
oxyclilorides  of  varying  composition.  If  strongly  ignited  magnesia 
be  made  into  a  paste  with  a  concentrated  solution  of  magnesic 
chloride,  the  mixture  solidifies  in  the  course  of  a  few  hours  to  a 
sohd  mass,  sufficiently  hard  to  be  polished. 

Magnesic  potassic  chloride,  MeCl2,KCl,60E2,  occurs  native  as  carnalUte  in 
large  deposits  at  Stassfurt,  and  is  frequently  deposited  from  the  last  mother-liquors 
of  sea-water  and  brine-springs.  It  forms  colourless  rhombic  prisms,  which  deli- 
quesce on  exposure  to  the  air.  On  heating,  the  water  of  crystallisation  is  expelled 
without  decomposition  of  tbe  salt,  and  the  anhydrous  salt  fuses  at  a  red  heat. 
Anhydrous  carnallite  may  be  employed  in  the  preparation  of  magnesium  by  means 
of  sodium. 

Magnesic  amnionic  chloride,  Mg'Cl2,NH4Cl,60H2,  is  deposited  in  small  rhombic 
crystals  from  mixed  solutions  of  magnesic  and  ammonic  chlorides.  It  is  soluble  in 
6  parts  of  water. 

Magnesic  calcic  chloride,  2Mg:Cl2,CaCl2,120Il2,  occurs  native  ia  deliquescent 
masses  as  tachydrite,  at  Stassfurt. 

Magnesic  bromide,  Mg'Br2,  occurs  in  sea-water  and  in  saline  springs.  A  solution 
of  magnesia  in  hydrobromic  acid  deposits  needle-shaped  crystals  of  the  formula 
Mg'Br.,,60112,  which  when  heated  beliave  like  the  aquate  of  magnesic  chloride. 
Magnesic  bromide  forms  double  salts  with  the  alkaline  bromides. 

Magnesic  iodide,  "SS-sT-i,  occurs  in  sea-water  and  in  saHne  springs,  and  may  be 
prepared  by  dissolving  magnesia  in  hydriodic  acid.  It  forms  deliquescent  crystals, 
which  readily  decompose  when  heated. 

Magnesia  fluoride,  TiLgF^,  occurs  native  as  sellatte  in  colourless  quadi'atic 
crystals.  It  is  obtained  as  a  white  insoluble  powder  by  digesting  magnesia  with 
hydrofluoric  acid.  By  fusion  with  common  salt  this  powder  is  converted  into 
crystals  having  the  same  form  as  sellaite. 

Magnesic  sodic  fluoride,  MgFjjNaF. — This  salt  is  obtained  in  insoluble,  cubical 
crystals  by  fusing  magnesic  chloride  with  a  large  excess  of  sodic  fluoride  and  cooling 
slowly.    It  is  also  formed  by  digesting  magnesia  with  a  solution  of  sodic  fluoride. 

COMPOUNDS  OF  MAGNESIUM  WITH  OXYGEN  AND 

HYDROXYL. 

Magnesic  oxide.    Magnesia. .     MgO.  Mg=0. 
Magnesic  hydrate    MgHoj.    H— 0— Mg— 0— H. 

•  Magnesic  oxide  {Magnesia),  MgO,  occurs  native  as  periclase,  a 
rare  mineral  found  at  Monte  Somma,  near  jSTaples.  The  natural 
compound  forms  regular  octahedra,  generally  of  a  greenish  colour, 
due  to  the  presence  of  ferrous  oxide.  It  is  formed  when  magnesium 
burns  in  the  air.  It  is  usually  prepared  by  prolonged  ignition 
of  the  carbonate,  and  is  thus  obtained  as  a  bulky  white  powder 
known  as  magnesia  testa,  or  calcined  magnesia.    It  is  insoluble  in 
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water.  It  possesses  a  sp.  gr.  of  3-07,  but  when  very  strongly- 
ignited,  its  sp.  gr.  is  increased  to  3-61,  the  substance  becoming  at 
the  same  time  crystalline.  By  heating  magnesia  ^  in  a  current  of 
gaseous  hydrochloric  acid,  it  is  obtained  in  crystals  identical  with 
those  of  periclase.  It  fuses  in  the  oxyhydrogen  flame.  Magnesia 
is  employed  in  medicine. 

Magnesic  hydrate,  Mg-Hoa,  occurs  native  as  Iruaite  in  colourless  laminated  masses. 
By  the  addition  of  sodic  or  potassic  hydrate  to  solutions  of  magnesia  salts,  a  gela- 
tinous precipitate  is  obtained,  which,  after  drying  at  100°,  consists  of  pure  magnesic 
hydrate.  It  forms  a  white  powder,  almost  insoluble  in  water,  in  solutions  of  sodic 
and  potassic  hydrate,  and  in  aqueous  ammonia  ;  readily  soluble  in  solutions  of 
ammonia  salts.  It  absorbs  carbonic  anhydride  from  the  air.  At  a  low  red  heat  it 
is  decomposed  into  magnesia  and  water.  The  magnesia  formed  at  this  low  tem- 
perature has  the  property  of  again  taking  up  water,  with  erolution  of  heat,  to  form 
the  hydrate. 


OXY-SALTS  OF  MAGNESIUM. 

NO. 

Magnesic  nitrate,  -^^Mgo" ,QOE.^,  forms  deliquescent  monoclinic  prisms,  soluble 

in  half  their  weight  of  cold  water,  soluble  also  in  alcohol.  The  water  of  crystaHisa- 
tion  cannot  be  completely  expelled  without  partial  decomposition  of  the  salt. 

Magnesic  carbonate,  COMgo",  occurs  native  as  magnc&ite, 
sometimes  in  rhombohedral  crystals  isomorphous  with  those  of 
calcite,  more  frequently  massive.  The  native  carbonate  generally 
contains  iron  and  manganese.  By  precipitating  a  hot  solution  of  a 
magnesia  salt  with  potassic  or  sodic  carbonate,  and  boiling  the  pre 
cipitate  with  water  as  long  as  any  acid  carbonate  is  dissolved,  a 
basic  magnesic  carbonate  of  the  formula  C3HogMgo"2(OMgHo)2 

rGHo2('OMgHo) 
Mgo"  ■ 

=  <  CH02  is  obtained.    This  compound  also  occurs 

Mgo" 

_CHo2(OMgHo) 

native  as  hydrumagnesite  in  acicular  monoclinic  crystals  or  amor- 
phous masses.  By  precipitating  a  magnesia  salt  with  a  large 
excess  of  sodic  carbonate,  and  boiling  with  the  solution  until  the 
precipitate  becomes  crystalline,  a  carbonate  is  obtained  having  the 

rCHo2(OMgHo) 

formula  C2Ho.Mgo"(OMgHo)2  =  \  Mgo"  .   The  pharma- 

LCHo2(OMgHo) 

ceutical  preparation  Imown  as  magnesia  alba  is  a  mixture  of  various 
complex  carbonates  of  magnesia,  obtained  by  precipitating  soluble 
magnesia  salts  with  sodic  carbonate,  and  varies  in  composition 
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according  to  the  mode  of  preparation.  It  forms  a  very  light, 
bulky  white  powder.  Wlien  magnesia  alba  is  suspended  in  water 
and  the  liquid  saturated  with  carbonic  anhydride,  the  powder  dis- 
solves with  formation  of  an  acid  carbonate.  On  allowing  the  solu- 
tion to  stand,  carbonic  anhydride  gradually  escapes,  and  a  salt  of 
the  formula  COMgo",30H2  separates  in  fine  needles,  which  when 
exposed  to  the  air  part  with  their  water  of  crystallisation  and 
become  opaque.  At  a  very  low  temperature  crystals  of  a  salt 
having  the  formula  COMgo",50H2  are  deposited.  When  the 
solution  of  the  acid  carbonate  is  evaporated  to  dryness,  anhydrous 
magnesic  carbonate  remains  as  a  fine  powder,  which  under  the 
microscope  exhibits  rhombic  forms  corresponding  to  those  of 
arragonite.  But  if  the  solution  be  heated  under  pressure  to  300°^ 
at  the  same  time  allowing  the  carbonic  anhydride  to  escape 
gradually,  the  anhydrous  carbonate  is  obtained  in  minute  rhombo- 
hedra,  identical  with  those  of  native  macjnesite.  Mafjnesic  carbonate 
is  therefore  isodimorphous  with  calcic  carbonate.  Wlien  the  salt 
COMgo",30H2  is  boiled  with  water  it  gives  off  carbonic  anhydride, 
and  is  converted  into  a  basic  salt,  whilst  when  heated  in  the  dry 
state  to  300°,  it  is  entirely  decomposed  into  carbonic  anhydride  and 
magnesia.  Native  magnesite  is  not  altered  by  boiling  with  water, 
and  does  not  evolve  carbonic  anhydride  at  300°.  It  is  also  only 
slowly  attacked  by  acids  in  the  cold. 

Magnesic  dipotassic  carbonate,  ^Q^°Mgo",40]l2,  is  formed  when  magnesia  alba 

18  digested  with  a  solution  of  hydric  potassic  carbonate  for  some  time  at  a  tempera- 
ture of  60 — 70°.    It  forms  small  rhombic  prisms,  which  are  decomposed  by  water. 

Magnesic  diammonic  carbonate,  cOAmo^S°"''^°^2.  separates  in  colourless 
rhombic  crystals,  when  a  solution  of  magnesia  salt  is  added  to  a  large  excess  of  a 
mixed  solution  of  ammouic  carbonate  and  free  ammonia.  It  is  almost  insoluble  in 
water. 

Magnesic  calcic  carbonate. — This  compound,  which,  as  tbe  mineral  dolomite, 
forms  entire  mountain  ranges,  is  not  a  true  double  salt,  but  an  isomorphous  mixtui  e 
of  magnesic  and  calcic  carbonates  in  varying  proportions.  As  bitter-spar  it  occurs 
crystallised  in  rhombohedra.  It  is  employed  in  the  preparation  of  magnesia 
alba.  '  " 

Magnesic  sulphate,  SOaMgo".— A  dihydric  magnesic  sulphate, 
SOHogMgo",  occurs  in  layers  in  the  salt-beds  at  Stassfurt  as  the 
mineral  kieserite.  It  generally  forms  granular  masses,  and  is 
almost  insoluble  in  water,  but  when  allowed  to  remain  lono'  in 
contact  with  water  gradually  dissolves  with  formation  of  the^salt 
SOHo2Mgo",60H2.     The  latter  compound  occurs  native  as 
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epsomite  or  epsom  salt,  both  solid  as  an  efflorescence  of  fibrous 
crystals,  and  in  solution  in  many  mineral  waters.  Magnesic  sul- 
phate is  deposited  from  hot  concentrated  solutions  in  large  trans- 
parent rhombic  prisms  of  the  above  formula  SOHo2Mgo",60H 
isomorphous  with  the  corresponding  aquates  of  zincic  and  nickel- 
ous  sulphates ;  but  a  salt  having  the  same  composition  is  some- 
times deposited  from  cold  supersaturated  solutions  in  monoclhiic 
forms  isomorphous  with  those  of  ferrous  sulphate, 

SOHo2Feo",60H2, 
with  which  magnesic  sulphate  also  crystallises  in  varying  propor- 
tions. Above  70°  it  separates  from  its  solutions  in  monoclmic 
crystals  of  the  formula  SOHo2Mgo",50H2 ;  at  0°  a  salt  having 
the  composition  SOHo2Mgo",110H2  is  deposited.  Epsom  salt  is 
soluble  in  four-fifths  of  its  weight  of  water,  still  more  soluble  m 
water  at  100°,  insoluble  in  alcohol.  It  has  an  unpleasant  bitter 
taste.  When  heated,  it  fuses  in  its  water  of  crystallisation,  wliicli  . 
is  given  off  below  150°,  leaving  the  salt  SOHogMgo";  this  in  turn, 
when  heated  above  200°,  parts  with  the  elements  of  water,  and  i-s 
converted  into  the  anhydrous  sulphate  S02Mgo",  which  fuses  at 
a  red  heat  without  decomposition.  The  acid  salt,  dihydric  magnesic 

disulphate,  go^jjQ-^o°"'  crystallises  in  six-sided  tables  from  a 

solution  of  the  anhydrous  normal  salt  in  concentrated  sulphuric 
acid.  It  is  instantly  decomposed  by  water.  Large  quantities  of 
epsom  salt  were  formerly  prepared  from  dolomite  by  treating  the 
mineral  with  sulphuric  acid  and  then  separating  the  soluble  epsom 
salt  from  the  insoluble  calcic  sulphate ;  but  at  the  present  day 
nearly  all  the  epsom  salt  is  obtained  from  the  kieserite  of  Stassf  urt. 
The  crude  kieserite  from  the  upper  salt  layer,  or  Ahraumsalz,  is 
placed  in  sieves  suspended  in  water.  Sodic  and  magnesic  chloride 
dissolve,  the  kieserite  disintegrates  and  falls  through  the  meshes  of 
the  sieve  in  a  fine  powder,  whilst  earthy  impurities  are  retained 
by  the  sieve.  The  powdered  kieserite  is  then  pressed,  wliile  wet, 
into  wooden  moulds,  where  it  speedily  solidifies  to  a  hard  mass, 
owing  to  the  combination  of  the  water  witli  a  portion  of  the 
kieserite  to  form  epsom  salt,  which  binds  the  powder  together. 
The  mass  is  then  powdered,  and  is  either  brought  into  tlie  market 
as  kieserite,  or  is  converted  first  into  epsom  salt.  Kieserite  is 
employed  as  a  manure,  and  in  the  preparation  of  potassic  and  sodic  J 
sulphate.  Epsom  salt  is  used  as  a  purgative.  It  is  also  employed  | 
in  dressing  cotton  goods  and  in  aniline  dyeing. — Magnesic  sulphate  i 
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forms  double  salts  with  tlie  alkaline  sulphates.  Magnesic  dipotassic 
clisidphate,  gQ^^^Mgo^^eOHg,  and  magnesic  diammonic  disulphate, 

gQ^^^°Mgo",60H2,  are  deposited,  from  mixed  solutions  of  mag- 

nesic  sulphate  with  potassic  or  with  ammonic  sulphate,  in  mono- 
clinic  crystals.  The  potassium  salt  occurs  native  at  Stassfurt  as 
the  mineral  schdnite. 

Magnesic  orthophosfTiate,  pQ^gQ'/Mgo",  occurs  in  bones  and  the  seeds  of 

plants.  It  is  obtained  as  a  white  pulverulent  precipitate  when  a  solution  of  trisodic 
orthophosphate  is  added  to  a  solution  of  a  magnesia  salt.  It  is  almost  insoluble  in 
water,  but  dissolves  readily  in  dilute  acids.    A  double  phosphate  and  fluoride  of 

magnesium  having  the  foi-mula  POMgo"^^Mg^  occurs  in  monoclinic  crystals  as 

the  mineral  ivagnerite. — Sydric  magnesia  orthophosphate,  P0FoMgo",7OH2,  is 
deposited  in  hexagonal  needles  when  dilute  solutions  of  magnesic  sulphate  and  hydric 
disodic  phosphate  are  mixed.  WTien  concentrated  solutions  are  employed,  the  salt 
is  obtained  as  an  amorphous  precipitate  which  becomes  crystalline  on  standing.  It  is 
sparingly  soluble  in  water,  and  is  decomposed  by  boiling  into  the  normal  salt  which 
is  deposited  and  fi-ee  phosphoric  acid  which  remains  in  solw.tmn.—Tetrahyd/ric 
magnesic  diorthophosphate  has  not  been  prepared. 

Magnesic  potassic  orthophosphate,  POKoMgo",60H2,  and  magnesic  sodic  ortho- 
phosphate,  PONaoMgo",9.0H3,  are  obtained  in  minute  crystals  by  adding  to  solutions 
•of  potassic  or  sodic  dihydric  orthophosphate  the  requisite  quantity  of  magnesia. 
Both  salts  are  decomposed  by  washing  with  water. 

Magnesic  ammonic  orthophosphate,  POAmoMgo",60H2,  separates  from  putrid 
urme,  and  is  frequently  a  constituent  of  urinary  calculi  ;  it  occurs  also  in  guano  in 
rhombic  crystals  as  gttanite  or  struvite.  It  separates  as  a  crystalline  powder  when 
hydric  disodic  phosphate  is  added  to  a  mixed  solution  of  a  magnesia  salt  with  an 
ammonia  salt  and  free  ammonia.  In  dilute  solutions  the  precipitate  is  not  formed 
till  after  some  time  ;  it  then  attaches  itself  in  small  crystals  to  the  sides  of  the 
vessel,  particularly  to  parts  which  have  been  rubbed  with  a  glass  rod  in  stirring  the 
liquid.  ^  It  is  almost  totally  insoluble  in  water,  especially  in  water  containing 
ammonia.    When  ignited,  it  is  converted  into  magnesic  pyrophosphate  :— 

2POAmoMgo"     =     P203Mgo"2     +     2NH3     +  OHj. 
Magnesic  ammonic  Magnesic  Ammonia.  Water, 

orthophosphate.  pyrophosphate. 

Magnesic  ammonic  phosphate  is  employed  in  the  estimation  both  of  magnesia  and 
01  phosphoric  acid. 

Magnesic  arsenate,  ^J^^f^Mgo",  and  hydric  magnesic  arsenate, 

AsOHoMgo",70H2, 

are  prepared  like  the  corresponding  phosphates  and  form  white  precipitates  almost 
insoluble  in  water,  readily  soluble  in  acids.  Tetrahydric  magnesic  dim-senate  is 
soluble  m  water,  but  uncrystallisable.  <^  senate 

Magnesic  ammonic  arsenate,  AsOAmoTirgo",60n2,  is  prepared  like  the  corre- 

2  P  2 
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flponding  phosphate,  which  it  resembles  in  almost  every  particular.  When  dried  «f 
100  ,  It  parts  with  i|  of  its  water  of  crystalUsation  yielding  the  salt— 

(AsOAmoMgo")2,OH2  or  As20Ho2Amo2Mgo"2. 
The  rest  of  the  water  cannot  be  expeUed  without  partial  decomposition  of  the  salt 
a  portion  of  the  ammonia  being  driven  off  and  a  portion  of  the  arsenic  acid  under* 
going  reduction  to  arsenious  acid.  Tliis  water  is  therefore  probably  to  be  regarded 
as  water  of  constitution,  as  represented  in  the  second  of  the  above  formulas 
Magnesic  ammonic  arsenate  is  employed  in  the  estimation  of  arsenic  acid 

Maffnesic  borates.— When  magnesia  and  boric  anhydride  are  fused  together  at  a 
very  high  temperature,  and  the  fused  mass  is  aUowed  to  cool  slowly,  nacreous 
crystals  of  trimaffnenc  diortAoborate,  are  formed.    The  same  salt 

with  9  aq.  is  obtained  by  precipitating  a  solution  of  a  magnesia  salt  with  borax 
No  precipitate  is  formed  in  the  cold,  but  on  boiling  the  solution  the  salt, 

BK'Mgo",90H2, 

separates  as  an  amorphous  white  powder,  which  dissolves  again  on  cooling.  A 
double  dioctoborate  and  chloride  of  the  formula  Bi60i8M:go"5(^jMg^2,  occurs 
native,  in  large  crystals  belonging  to  the  regular  system,  as  boracite  and  massive  as 
stassfurtite.  The  same  compound  may  be  obtained  artificially  in  the  crystallised 
form  by  fusing  magnesic  orthoborate  with  boric  anhydride,  magnesic  chloride,  and 
sodic  chloride,  allowing  the  mass  to  cool  slowly,  and  treating  with  dilute  hydi-o- 
chloric  acid,  when  the  crystals  of  boracite  remain  undissolved. 

Magnesic  silicates. — A  number  of  magnesic  silicates  occur  in 
nature  as  minerals.  Peridote  is  a  dimagnesic  silicate  (ortJwsilicate) 
of  the  formula  SiMgo'^g.  It  occurs  in  rhombic  crystals,  generally 
green-coloured,  owing  to  the  presence  of  iron,  or  in  gi-anular 
masses.  Enstatite  is  monomagnesic  silicate  (metasilicate)  SiOMgo". 
It  forms  monoclinic  crystals,  which  generally  contain  iron.  The 
following  natural  magnesic  silicates  are  also  known : — 

Ophite  or  noble  serpentine.   Trimaqnesic  disili-']  „.  r^^^  „ 
cate  :  jSi^OMgoV 

Meerschaum.    Tetraliydric  dimagnesic  trisilicate  Si302B[o4Mgo"2 

Steatite.    Trimagnesic  tetrasilicate   Si^OgMgo'g. 

Talc.    Tetramagnesic  pentasilicate    SigOgMgo"^. 

Numerous  natural  compound  silicates  of  magnesium  with  other 
metals  are  also  known. 


COMPOUNDS    OF   MAGNESIUM  WITE  SULPEUR  AND 
WITH  HYDRO SULPRYL. 

Magnesic  sulpldde,  MeS". — Magnesium  is  not  acted  upon  by  sulphur  at  tlio 
boiling-point  of  the  latter ;  but  wlien  the  metal  is  heated  to  redness  in  the  vapour 
of  sulphur,  magnesic  sulphide  is  formed.    It  may  also  be  j  repared  by  passing  the 


COMPOUNDS  OF  MAGNESIUM. 


581 


vapour  of  carbonic  disulplaide  over  red-hot  magnesia.  It  forms  a  grey  or  brown, 
hard,  brittle  slag.  Water  decomposes  it,  yielding  a  mixture  of  magnesic  hydrate  and 
sulphliydrate.  When  an  excess  of  sodic  sulphide  is  added  to  the  solution  of  a 
magnesium  salt,  the  precipitate  which  is  formed  consists  not  of  magnesic  sulphide, 
but  of  magnesic  hydi-ate. 

Magnesic  sulphhydrate,  MgHsg,  has  not  been  prepared  piire.  It  may  be  obtained 
in  solution  by  passing  sulphuretted  hydrogen  into  water  in  which  magnesia  is 
suspended.  On  evaporating  the  solution,  sulphuretted  hydrogen  is  given  off,  and 
magnesia  remains. 

COMPOUNDS  OF  MAGNESIUM  WITS  NITROGJEN  AND 

WITS  BORON. 

Magnesic  nitride,  NjMgs,  is  prepared  by  heating  magnesium  in  nitrogen  or 
gaseous  ammonia.  The  product  is  an  amorphous  greenish-yellow  mass,  which  in 
contact  with  water,  or  even  in  moist  air,  is  decomposed  with  formation  of  ammonia 
and  magnesia  : — 

NaMga      -I-      SOHa      =      2NH3      +  3MeO. 
Magnesic  nitride.      Water.         Ammonia.     Magnesic  oxide. 

Magnesia  horide,  B^Mgs,  is  formed  when  magnesium  is  heated  with  amorphous 
boron  in  a  closed  crucible.  It  can  be  obtained,  mixed  with  magnesia,  by  heating 
boric  anhydride  with  magnesium.  In  contact  with  hydrochloric  acid,  it  evolves 
boric  hydride,  BII3,  mixed  however  with  a  large  excess  of  hydrogen. 

COMPOUND  OF  MAGNFSIUM  WITS  SILICON. 

Magnesic  silicide,  SiMg2. —  For  the  method  of  preparing  this  compound,  see 
Silicic  hydride,  p.  338. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Magnesium. — The  salts  of  magnesium  with  colourless  acids  are 
colourless.  The  soluble  salts  have  a  bitter  taste.  The  hydrates  of  the 
alkalies  and  of  baryta  precipitate  from  solutions  of  magnesium  salts 
gelatinous  magnesic  hydrate,  insoluble  in  an  excess  of  the  precipitant. 
When  salts  of  ammonia  are  present  in  sufficient  quantity,  no  pre- 
cipitation occurs  with  the  above  reagents  in  the  cold,  owing  to  the 
formation  of  double  salts  of  ammonium  and  magnesium,  wliich  are 
not  decomposed  at  ordinary  temperatures.  For  the  same  reasons 
the  salts  of  magnesium  are  only  imperfectly  precipitated  by 
ammonia.  Sodic  carbonate  precipitates  a  basic  carbonate;  am- 
monium salts  prevent  the  precipitation.  Ammonia  phosphate 
gives  a  white  crystalline  precipitate  of  magnesic  ammonic  phos- 
phate, POAmoMgo",60H2>  very  sparingly  soluble  in  water,  insolu- 
ble in  aqueous  ammonia.  Magnesium  compounds  impart  no 
coloration  to  the  non-luminous  flame.  The  spark  spectrum  of 
magnesium  displays  characteristic  lines  in  the  green,  coincident 
with  lines  of  the  solar  spectrum. 


582 


INORGANIC  CHEMISTEY. 


ZINC,  Zn. 

Atomic  weight  =  65-3.  Molecular  weight  =  65-3.  Molecular  a., 
atom^  .olume  U2-  1  litre  of  .ini  .apour  weig^TterZs 
Sp  gr.  6-8  to  7-2.  Fuses  at  420°.  Boils  at  1040°.  aZI^': 
Evidence  of  atomicity  ^lomxcity  . 

Zincic  cliloride   Zn"Cl 

Zincic  oxide   Zn"0  ^ 

Zincic  hydrate   Zn'^Hoj 

History.—The  ores  of  zinc  were  employed  by  the  ancients  in 
^.e  preparation  of  brass,  which  they  obtained  by  inciting  copp" 
with  these  ores ;  but  zinc  was  not  recognised  as  a  distinct  metal  tUl 
the  sixteenth  century. 

Occurrence.~Zuxo  is  asserted  to  have  been  found  native  near 
Melbourne  in  AustraHa.    It  occurs  as  oxide  (ZnO)  in  red  ^,u^; 

.po'z^      •  ^^""P  ^^"^^^1  ^nc-Uende;   as  carbonat; 

K^^yjLno  )  m  calamine,  or  zijic-spar;  as  silicate  (SiZno"  OH  ) 
msiheeous  calamine,  or  zinc-glass;  and  as  double  oxides  of  the 
general  formula  'R-,0,Eo-  in  frankUnUe  (Te'' O.Zno'O  and 
gahmte  or  zinc-spinelle  ('Al'^O^Zno"). 

U^'traction.—Zmc  is  obtained  from  the  carbonate,  less  frequently 
irom  the  sulphide.    Siliceous  calamme,  red  zinc  and  franklinite 
are  also  worked.    The  first  operation  in  the  process  of  extracting 
the  zmc  consists  in  roasting  the  ore  in  order  to  convert  it  into 
oxide.  ^  In  the  case  of  the  carbonate  this  is  effected  simply  by 
expulsion  of  carbonic  anhydride  ;  the  sulpMde  is  oxidised  by  the 
oxygen  of  the  air  with  evolution  of  sulphurous  anhydride.  In 
roasting  the  sulphide  it  is  necessary  to  avoid  the  formation  of 
zmcic  sulphate,  as  this  salt  would,  in  the  subsequent  reducing 
process,   be    reconverted  into  sulphide   and   thus   lost.  The 
roasted  ore  is  then  mixed  with  half  its  weight  of  powdered 
coal,  and  distilled  from  fire-clay  tubes  or  from  muffles  placed 
m  a  furnace.     At  first  a  finely  divided  powder  known  as  zinc- 
dust,  and  consisting  of  a  mixture  of  zinc  with  zincic  oxide, 
frequently  also  accompanied  by  cadmium,  passes  over.  Afterwards 
the  liquid  metal  distils  over  and  is  collected  in  iron  receivers,  from 
which  it  is  removed  from  time  to  time  during  the  distillation  and 
cast  into  j)lates. 

Commercial  zinc  is  seldom  pure.  It  generally  contains  lead, 
U'on,  carbon,  and  sometimes  arsenic  and  cadmium.    It  may  be 
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obtained  almost  pure  by  redistillation  from  clay  retorts,  the  first 
portious  of  the  distillate,  which  contain  arsenic  and  cadmium, 
being  rejected,  and  the  operation  being  interrupted  before  all  the 
zinc  has  passed  over.  The  iron,  lead,  and  other  less  volatile  impuri- 
ties remain  in  the  retort.  In  order  to  prepare  perfectly  pure  zinc, 
the  crude  metal  is  dissolved  in  sulphuric  acid,  and  sulphuretted 
hydrogen  is  passed  through  the  acid  solution  of  zincic  sulphate.  In 
this  way  lead,  cadmium,  and  arsenic  are  precipitated  as  sulphides. 
The  filtered  solution  is  boiled  to  expel  sulphuretted  hydrogen,  and 
the  zinc  is  precipitated  as  carbonate  by  the  addition  of  sodic  car- 
bonate. The  zincic  carbonate  is  converted  into  oxide  by  ignition, 
and  the  oxide  is  reduced  by  distillation  from  a  porcelain  retort 
with  pure  charcoal  prepared  from  sugar.  Any  iron  which  may 
have  been  contained  in  the  purified  carbonate  remains  in  the 
retort. 

Properties. — Zinc  is  a  white  lustrons  metal,  with  a  slightly 
bluish  tinge.  It  has  a  crystalline,  somewhat  laminar  fracture,  and 
may  be  obtained  in  crystals  by  fusing  the  metal,  allowing  it 
partially  to  solidify,  and  then  pouring  off  the  still  liquid  portion. 
It  generally  crystallises  in  flat  hexagonal  pyramids,  but  occasionally 
exhibits  forms  belonging  to  the  regular  system,  especially  when  it 
contains  traces  of  copper.  At  ordinary  temperatures  it  is  brittle  ; 
between  100°  and  150°  it  is  so  malleable  and  ductile  that  it  may 
be  rolled  into  plates  and  drawn  into  wire ;  at  205°  it  again  becomes 
so  brittle  that  it  may  be  powdered  in  a  mortar.  It  may  be  dis- 
tilled at  a  bright  red  heat.  In  dry  air  it  preserves  its  lustre  at 
ordinary  temperatures  ;  in  moist  air  it  becomes  covered  with  a 
thin  coating  of  basic  carbonate,  which  preserves  it  from  further 
action. 

Reactions. — 1.  When  heated  in  air,  zinc  inflames,  emitting  a 
brilliant  bluish  light,  and  giving  off  clouds  of  zincic  oxide.  The 
combustion  of  zinc  is  best  shown  hy  pressing  thin  zinc  turnings 
into  the  form  of  a  cylinder ;  tliis,  when  ignited  at  a  flame,  readily 
burns. 

2.  Pure  zinc  is  very  slowly  attacked  by  dilute  sulphuric  and 
hydrochloric  acids,  but  the  addition  of  a  few  drops  of  platinic  chlo- 
ride to  the  liquid  causes  the  zinc  to  dissolve  rapidly,  with  evolution 
of  hydrogen,  the  finely  divided  platinum,  which  is  deposited  on  the 
zinc,  forming  with  the  latter  a  voltaic  couple.  For  the  same  reason 
commercial  zinc,  which  always  contains  traces  of  electronegative 
.  metals,  is  rapidly  dissolved  by  dilute  acids.    In  cold  nitric  acid 
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the  metal  cbssolves  without  evohition  of  gas,  the  nascent  hydrogen 
being  employed  in  reducing  another  portion  of  the  acid  to 
ammonia  ;  m  hot  nitric  acid  it  dissolves  with  evolution  of  nitric 
oxide  nitrous  oxide  and  free  nitrogen,  whilst  ammonia  is  also 
ormed.  When  zmc  is  acted  upon  by  hot  dilute  sulphuric  acid,  or 
by  concentrated  sulphuric  acid  even  in  the  cold,  sulphuretted 
hydrogen,  formed  by  the  reduction  of  a  portion  of  the  acid  is 
mixed  with  the  hydrogen  which  is  given  off  :— 

^sTw'         ^^"^    "    4SO,Zno"    +    SH^    +  40H,. 

"aci/"''  Sulphuretted  Water. 

sulphate.  hydrogen. 

3.  Zinc  also  dissolves  in  warm  solutions  of  potassic,  sodic,  and 
ammomc  hydrate,  with  evolution  of  hydrogen  and  formation  of  a 
double  oxide : — 

20KH    +    Zn    =    ZnKo,    +  H,. 

I'otassic  Dipotassic 
^yi^ate.  zincic  oxide. 

4.  It  slowly  decomposes  aqueous  vapour  at  100°  :— 

2OH2    +    Zn    =    ZnHo2    +  H^. 

^^'-sr-  Zincic  hydrate. 

Z7ses.— Zinc,  in  the  form  of  sheets,  is  employed  for  roofing  and 
other  purposes  in  which  lightness  and  the  power  of  resisting  the 
action  of  the  weather  are  required.  In  order  to  preserve  iron  from 
rust,  the  metal  is  sometimes  coated  with  zinc,  in  which  condition  it 
is  known  as  galvanised  iron.  Zinc  is  used  in  the  preparation  of 
plates  for  voltaic  batteries.  The  finely  divided  powdet  obtained 
in  the  distillation  of  zinc  and  known  as  zinc-dust,  is  frequently 
employed  as  a  reducing  agent  in  organic  chemistry,  many  oxygen- 
ated organic  substances,  which  are  unacted  upon  by  all  other 
reducing  agents,  parting  with  tlieir  oxygen  when  distilled  with 
zinc-dust.  The  use  of  zinc  in  the  desilverisation  of  lead  has 
already  been  described  (p.  500). 


COMPOVNBB  OF  ZINC  WITH  THE  HALOGENS. 

Zincic  chloride,  7inG\.—MolccidaT  weight  =  136-3 .  Molecular 
volume  Cn — Zinc-foil  inflames  spontaneously  at  ordinary  tern-  | 
peratures  in  chlorine  gas  and  burns,  forming  zincic  chloride. 
The  chloride  may  also  be  obtained  by  dissolving  zinc  in  hydro- 
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chloric  acid,  evaporating  the  solution,  and  distilling  the  residue  ; 
or  by  distilling  anhydrous  zincic  sulphate  with  sodic  or  calcic 
chloride.  Zincic  chloride  is  a  white  very  deliquescent  mass. 
At  ordinary  temperatures  it  is  soft  like  wax  ;  it  fuses  some- 
what above  100° ;  at  a  higher  temperature  it  sublimes  in  white 
needles,  and  may  be  distilled  without  decomposition.  It  is 
very  soluble  both  in  water  and  in  alcohol.  The  concen- 
trated solution  is  powerfully  caustic  :  it  destroys  vegetable 
fibre,  and  therefore  cannot  be  filtered  through  paper.  Wlien  a 
little  hydrochloric  acid  is  added  to  a  syrupy  solution  of  zincic 
chloride,  the  liquid  deposits  deliquescent  octahedra  of  the  mon- 
aquate,  ZnCl2,OH2.  The  solution  of  zincic  chloride  cannot  be 
evaporated  without  decomposition  :  hydrochloric  acid  is  given  off, 
and  an  oxychloride  of  zinc  remains.  Oxychlorides  of  varying  com- 
position, consisting  of  mixtures  of  ZnlloCl  and  ZnHo2,  are  also 
obtained  by  heating  the  concentrated  solution  of  zincic  chloride 
with  zincic  oxide,  and  then  adding  water,  when  the  oxychlorides 
are  precipitated.  In  the  same  way,  by  boiling  the  solution  of  the 
chloride  with  the  requisite  quantity  of  oxide,  a  plastic  mass  is 
obtained  which,  like  the  mixture  of  magnesic  chloride  and  mag- 
nesia (p.  575)  speedily  becomes  quite  hard. — Owing  to  its  great 
affinity  for  water,  zincic  chloride  frequently  abstracts  the  elements 
of  water  from  organic  substances,  thus  producing  new  compounds, 
a  property  of  which  application  is  made  in  organic  research.  It  is 
also  used  as  a  caustic  in  medicine,  for  which  purpose  it  is  cast  into 
sticks. — Zincic  chloride  forms  crystalline,  deliquescent  double  salts 
with  the  chlorides  of  the  alkalies  :  for  example,  dipotassic  zincic 
chloride,  ZnCl2,2KCl ;  disodic  zincic  chloride,  ZnCl2,2N"aCl. 

Zincic  bromide,  ZnBr2,  is  prepared  like  the  chloride.  It  crystallises  in  very 
deliquescent  prisms,  is  readily  fusible,  and  may  be  sublimed  in  white  needles. 

Zindo  iodide,  Znal^. — Zinc  filings  and  iodine,  when  heated  together,  unite  to 
form  the  iodide.  Zincic  iodide  is  readily  fusible  and  sublimes  in  colourless  needles. 
From  a  concentrated  aqueous  solution  it  crystallises  in  deliquescent  regular  octa- 
hedra. The  concentrated  solution  takes  up  oxygen  from  the  air,  with  liberation  of 
iudine.  In  like  manner,  when  zincic  iodide  is  heated  in  air,  iodino  is  given  ofE  and 
zincic  oxide  is  produced.  Zincic  iodide  combines  with  the  alkaline  iodides  to  form 
double  salts. 

Zincic  fluoride,  ZnFj,  is  obtained  by  dissolving  zincic  oxide  in  aqueous  hydro- 
fluoric acid.  On  evaporation,  the  solution  deposits  small,  shining,  rhombic  octa- 
hedra of  the  formula  ZnF2,40Il2,  sparingly  soluble  in  water.  Ziacic  fluoride  forms 
crystalline  double  salts  with  potassic  and  other  fluorides.  The  potassium  salt  has  the 
formula  ZnF2,2KP. 

Zincic  silicofluoride,  SiZuFcGOITg,  forms  very  soluble  hexagonal  crystals. 
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COMPOUNDS  OF  ZINC  WITH  OXYGEN  AND 
HYDROXYL. 

Zincic  oxide    ZnO.  Zn=0 

ZiBcic  hydrate   ZnHo^.  H-O-Zn-O-H. 

Zincic  oxide,  ZnO,  occurs  native,  sometimes  in  hexagonal 
crystals,  more  frequently  in  granular  masses,  as  reel  ^nc  orft. 
colour  being  due  to  an  admixture  of  manganese.  It  is  formed  when 
.mc  -  burnt  in  air  (p.  583).     On  a  large  scale  it  is  prepared  by 
dis  illmg  zmc  from  earthenware  retorts,  allowing  the  zinc  vapour 
to  burn  as  it  issues  from  the  retort,  and  passing  the  products  of 
combustion  through  chambers  in  which  the  oxide  collects.    It  mav 
also  be  prepared  by  igniting  the  basic  carbonate  obtained  by  pre- 
cipitating the  solution  of  a  zinc  salt  with  an  alkaline  carbonate - 
iiie  zincic  oxide  prepared  by  combustion  is  a  white  fiocculent 
substance,  and  was  known  to  the  alchemists  as  lana  pMosopMca  ■ 
that  obtained  by  the  ignition  of  the  carbonate  is  an  amorphous 
powder    The  artificial  oxide  may  be  obtained  in  the  hexagonal 
forms  of  the  natural  variety  by  igniting  it  strongly  in  a  current  of 
oxygen.     Crystals  of  zincic  oxide  are  also  sometimes  found  in  the 
cooler  parts  of  the  muffles  of  the  zinc  furnaces.     Zincic  oxide  has 
a  sp.  gr.  of  5-6.    It  is  insoluble  in  water,  readHy  soluble  in  acids. 
When  heated,  it  assumes  a  yellow  colour,  changing  to  white  attain 
on  cooling.     When  heated  in  the  oxyhydrogen  flame,  it  does^'not 
fuse,  but  emits  a  brilliant  light,  and  on  cooling  continues  to  phos- 
phoresce for  some  time  in  the  dark.     Zincic  oxide  is  employed  as 
a  very  permanent  white  pigment  under  the  name  of  zinc  white.  As 
the  sulphide  of  zinc  is  also  white,  zinc  white  does  not  change 
colour  when  exposed  to  sulphurous  exhalations,  possessing  in  this 
respect  a  marked  superiority  over  white  lead. 

Zincic  hydrate,  ZnHo2,  is  precipitated  as  a  white  amorphous 
powder  by  the  addition  of  sodic  or  potassic  hydrate,  or  ammonia,  to 
the  solution  of  a  zinc  salt.  The  precipitate  is  insoluble  in  water, 
but  soluble  in 'an  excess  of  the  precipitant.  It  may  be  obtained  in 
a  crystalline  form  by  immersing  a  sheet  of  zinc,  round  which  a 
copper  wire  has  been  wound,  in  a  solution  of  the  hydrate  in  ammo- 
nia ;  rhombic  prisms  of  the  hydrate  are  formed  upon  the  surface  of 
the  zinc.  A  saturated  solution  of  the  hydrate  in  caustic  potash 
deposits  on  standing  regular  octahedra  of  the  formula  ZnHog.OHa- 
When  heated,  zincic  hydrate  is  readily  decomposed  into  zincic 
oxide  and  water. 
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OXY-SALTS  OF  ZINC. 

Zincie  nitrate,  ^Q^^Zno'^SOHa,  separates  from  a  concentrated  solution  of  the 
oxide  in  nitric  acid  in  deliquescent,  colourless,  four-sided  prisms.  It  is  readily 
soluble  in  water  and  in  alcohol.  At  36"  it  fuses  in  its  water  of  crystallisation,  and, 
when  heated  to  100°,  parts  with  water  and  nitric  acid,  yielding  a  basic  salt. 

Zincic  carbonate,  COZno",  occurs  native  in  translucent  rhombo- 
hedra  as  calamine.  The  native  carbonate  is  rarely  pure,  a  portion 
of  the  zinc  being  generally  replaced  by  calcium,  iron,  and  other 
metals  isomorphous  with  zinc.  Zincic  carbonate  is  precipitated 
when  hydric  potassic  carbonate  is  added  to  the  solution  of  a  zinc 
salt.  ISTormal  potassic  and  sodic  carbonates  precipitate  basic  zincic 
carbonates  of  variable  composition.  The  basic  precipitate  is  insolu- 
ble in  water  and  in  solutions  of  potassic  and  sodic  carbonate,  but 
soluble  in  ammonic  carbonate. 

Zincic-  sulphate  (White  vitriol),  S02Zno",  is  prepared  on  a 
large  scale  by  roasting  the  native  sulphide  and  extracting  the  mass 
with  water,  but  is  most  readily  obtained  pure  by  dissolving  zinc  in 
sulphuric  acid.  At  ordinary  temperatures  it  crystallises  in  large 
transparent  rhombic  prisms  of  the  formula  SOHOgZno^jGOHg, 
isomorphous  with  Epsom  salt  (p.  577),  soluble  in  two-thirds  of  their 
weight  of  water  at  ordinary  temperatures,  in  one-sixth  of  their 
weight  of  boiling  water,  insoluble  in  alcohol.  The  crystals  efBLoresce 
slowly  in  air,  and,  when  heated  to  100°  or  exposed  in  vacuo 
over  sulphuric  acid,  part  with  6  aq.,  leaving  the  salt  SOHogZno", 
which  is  converted  at  a  temperature  of  240°  into  anhydrous  zincic 
sulphate  (S02Zno")  and  water.  At  temperatures  above  40°  solu- 
tions of  zincic  sulphate  deposit  monoclinic  crystals  having  the 
formula  SOHo2Zno",50H2,  also  isomorphous  with  the  correspond- 
ing magnesium  salt.  When  the  anhydrous  salt  is  heated  to  a 
high  temperature  it  gives  off  sulphurpus  anhydride  and  oxygen, 
yielding  a  basic  salt,  a  hot  saturated  solution  of  which  deposits 
on  cooling  lustrous  laminas  of  the  formula  SO(OZnHo)4.  The 
same  compound  may  be  obtained  by  boiling  a  solution  of  zincic 
sulphate  with  zincic  oxide.  At  a  white  heat  the  anhydrous  sul- 
phate is  converted  into  zincic  oxide.  Zincic  sulphate  forms  double 
sulphates  with  the  sulphates  of  the  alkalies:  zincic  dipotamc 

disulphate,  ^^'^^^Zno" ,60Il^,  and  zincic  diammonic  disidphatc, 
SO^Amo^^°"'^^"^2'  "^^^^^^^         isomorphous  with  and  closely 
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resemble  the  corresponding  magnesium  compounds.    Mixed  solu- 

the  two  salts  m  variable  proportions.-Zincic  sulphate  is  employed 
m  medicine  and  in  calico-printing.  empioyea 

^.Wo  o.aoMo,M«^..-The  normal  or  tri.innc  salt,  Jg|-::Zno".40H,.  is 
forn,ed  when  hydric  disodic  phosphate  is  added  to  a  solution  of  a  le  salt    It  is  a 
wlute  precpxtate,  which,  when  deposited  from  cold  solutions  i    ge  atLus 
p::;:!."'^*^''"''      ^^^-^-^     °^  laeating.-The  acid  phospLtesC  not  bee^ 

a  It  may  be  obtamed  artificially  in  the  crystaUised  form  by  passing 

sihcic  fluorxde  over  zincic  oxide  heated  almost  to  whiteness,  or  by  L  LSn  of 
zmcxc  fluorxde  on  sdicic  anhydride.-The  same  compound  with  1  aq.,  L  W'  OH,- 
perhaps  to  be  regarded  as  SiO(OZnHo),-occurs  i^  rhombic  crysL  s  as  tlVmif^al 
zmo  glass  ov  siliceous  calamine.  me  mmeiai 

COMPOUNDS  OF  ZINC  WITH  SULPHUR 

Zimic  BULmiBE,  ZnS",  occurs  native  as  zinc  Uendc  either 
crystallised  m  forms  belonging  to  the  regular  system,  or  massive. 
Ihe  colour  of  the  mineral  varies  from  a  pale  yellow,  in  the  purer 
specimens,  to  a  brown  or  black  in  the  massive  variety,  due  to  the 
presence  of  iron  and  other  impurities.    Zincic  sulphide  is  occasion- 
ally found  m  hexagonal  prisms  as  the  mineral  imrtzite.    It  is 
obtained  as  a  white  amorphous  precipitate  when  sulphuretted 
hydrogen  is  passed  through  a  solution  of  zincic  acetate.  From 
neutral  solutions  of  zinc  salts  with  mineral  acids  the  zinc  is  only 
partiaUy  precipitated  by  sulphuretted  hydrogen,  and  in  acid  solu- 
tions no  precipitate  is  produced.    All  zinc  salts,  however,  are  com- 
pletely precipitated  by  the  addition  of  alkaline  sulphides  or 
sulphhydrates  to  their  solutions.    The  precipitated  zincic  sulphide 
IS  insoluble  in  water  and  in  acetic  acid,  but  readily  soluble  in 
mineral  acids  with  evolution  of  sulphuretted  hydrogen.  Zincic 
sulphide  is  difficultly  fusible.    When  the  amorphous  sulphide  is 
heated  to  a  very  high  temperature  in  a  current  of  sulphuretted 
hydrogen  or   sulphurous   anhydride,  it  sublimes  in  colourless 
hexagonal  crystals  identical  with  those  of  wurtzite. 

Trizincic  dipotassic  tetrasulpJdde,  S^ZujKo. 

K— S— Zn— S-Zn— S-Zn— S— K. 

This  compound  is  obtained  by  fusing  together  1  part  of  zincic  sulphide,  24  parts 
of  potassic  carbonate,  and  24  parts  of  sulphur  at  a  red  heat  for  ten  minutes.  On 
extracting  the  cooled  mass  with  water,  the  double  sulphide  remains  in  the  form  of 
colourless  transparent  lamina;,  which  may  be  boiled  with  water  without  decoui- 
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po9ition.-The  corresponding  sodium  compound  S^ZngNa^  may  be  obtained  m  a 
similar  manner,  and  forms  a  pale  flesh-coloured  crystalline  powder. 

Zincie  pentasulphide,  S,Zn,  is  obtained  as  a  white  precipitate  by  the  addition  ot 
potassic  pentasulphide  to  the  neutral  solution  of  a  zinc  salt.  It  assumes  a  pale 
yellow  colour  on  drying,  and,  when  heated  with  exclusion  of  air,  gives  off  sulphm", 
and  is  converted  into  the  monosulphide, 

COMPOUNDS  OF  ZINC  WITS  TEE  PENTAD  ELEMENTS. 

Zincic  nitride,  NaZug.— When  zinc  ethyl  (see  Organic  Chemistry)  is  acted  upon 
by  gaseous  ammonia,  ethyUc  hydride  is  evolved,  and  zinc  diamine  is  formed  :— 

Zn(C2H5)2    +    2NH3    =    Zn(NH2)2    +    aj^'^".  , 

Zinc  ethyl.       Ammonia.  Zinc  Ethylic 

diamine.  hydride. 

The  zinc  diamine  thus  obtained  is  a  white  amorphoiis  powder,  which  is  decomposed 
by  water  with  formation  of  ammonia  and  zincic  hydrate  : — 

Zn(]SrH2)2    +    2OH2    =    ZnHo2    +  2NH3. 

Zinc  Water.         Zincic  Ammonia, 

diamine.  hydrate. 

When  zinc  diamine  is  heated  to  low  redness  in  absence  of  air,  ammonia  is 
evolved,  and  zincic  nitride  remains  as  a  green  powder : — 

3Zn(]SrH2)2    =    NaZug    +  4NH3. 
Zinc  Zincic  Ammonia, 

diamine.  nitride. 

In  contact  with  water  zincic  nitride  is  decomposed  with  great  evolution  of  heat, 
yielding  ammonia  and  zincic  oxide. 

Zincic  phosphide,  P2Zn3,  is  prepared  by  heating  finely  divided  zinc  in  the  vapour 
of  phosphorus.  An  impure  compound  is  obtained  by  heating  a  mixture  of  phos- 
phoric anhydride,  zincic  oxide,  and  charcoal.  Zincic  phosphide  forms  a  steel-grey 
metallic  mass,  which  dissolves  in  hydrochloric  acid  with  evolution  of  phosphoretted 
hydrogen. 

Zincic  arsenide,  As2Zn3,  is  formed  with  incandescence  when  zinc  and  arsenic  are 
heated  together  in  the  proportions  required  by  the  formula.  It  is  a  grey  brittle 
metalhc  mass,  which  when  acted  upon  by  dilute  hydrochloric  acid  evolves  pure 
arseniuretted  hydrogen  (p.  404). 

Zincic  antimonide,  Sb2Zn3,  is  obtained  as  a  white  crystalline  metalhc  mass  by 
fusing  together  57  parts  of  antimony  and  43  parts  of  zinc.  By  allowing  the  fused 
compound  partially  to  solidify,  and  pouring  off  the  stiU  liquid  portion,  it  may  be 
obtained  in  well-formed  hexagonal  prisms.  When  treated  with  hydrochloric  acid,  it 
evolves  a  mixture  of  liydrogen  and  antimoniuretted  hydrogen  (p.  418). — A  dizincio 
diantimonide  of  the  formula  'Sb"2Zn2,  crystallising  in  rhombic  octahedra,  is  pre- 
pared by  fusing  68"5  parts  of  antimony  with  31'6  parts  of  zinc. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Zinc. — The  salts  of  zinc  are  colourless  when  the  constituent  acid 
is  so.  They  have  an  astringent  metallic  taste  and  are  poisonous. 
From  their  solutions  caustic  alkalies  and  ammonia  precipitate  white 
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zincic  hydrate  soluble  in  excess  of  the  m>9oimf<,-n^     av  i- 
nates  precipitate  a  basic  carboriatVTnl!,  T  ^ 
but  not  in^excess  of  pota^L  oT sod L 

does  not  precipitate  solutions  of  zinc  sX    t /w  T^'^"^^ 
gives  no  precipitate  in  acid  solutrnret^pttt^Tr^^^^^^^^ 
organic  acids  in  solutions  acidulated  wifh  T         '  °^ 

precipitate.  wMte  «         'l:!;!  ^  TZt 
ferrocyamde  gives   a  white   precinitate  nf  .;rJ  T 
Heated  on  charcoal  in  the  rerc  ^  rme^'^^^^^^^^^ 
compounds  yield  a  characteristic  ?ncru2l''of  nToxTr 
.IsTned  wL  cl  "'^^  in^irrbe' 

Te  oTeen  colour  rP        "  «s  a 

nne  gTeen  colour   Einmann's  green  .    The  salts  of  zinc  do  not 

colour  the  non-lummous  flame.    The  spark  spectrum  of  2c  show 
characteristic  lines  in  the  red  and  in  the  blue. 

BERYLLIUM,  Be. 

(Sometimes  termed  Glucimm,  symbol  G.) 

Atomic  weight  =  9.    Prolahle  moleeular  weight  =  9    Sp  or  9-1 
Fuses  at  a  red  heat.    Atomicity-.    Evidence  of  atomidty ' 

Beryllic  chloride   Be"Cl 

Beryllic  chloride   Be"0  ^" 

Beryllic  hydrate   Be'^Hog 

History. -^^xy^t  oxide  was  prepared  by  VauqueHn  in  1798 
VVoliler  first  isolated  the  metal  in  1828. 

Cccwr7'e7ice.— Beryllium  occurs  in  combination  in  a  few  rare 
minerals.  Beryl,  a  native  double  silicate  of  beryUium  and  alumi- 
nium of  the  formula  Si,0,CAl- 0,)^Beo"3,  is  the  most  abundant 
source  of  the  beryUium  compounds.  This  mineral  crystaUises  in 
liexagonal  prisms,  generally  opaque  and  of  a  greenish  tint.  The 
precious  stone  emerald  is  a  transparent  beryl  of  a  brilliant  green 
colour;  bluish-green  specimens,  when  transparent,  are  known  as 
aqiiamxirine  and  are  also  employed  as  gems.  The  mineral  i^henadte 
is  a  silicate  of  beryllium  having  the  formula  SiBeo"  . 

Preparation.— M.Qi?,VLic  beryllium  is  prepared  by  passing  tlie 
vapour  of  beryUic  chloride  along  with  a  current  of  hydrogen^over 
heated  sodium,  and  afterwards  fusing  the  metal  thus  obtained  in  a 
crucible  under  sodic  cliloride. 
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Properties. — ^Beryllium  is  a  lustrous  silver-wliite  malleable 
metal  of  sp.  gr.  21.  It  fuses  below  the  melting  point  of  silver. 
When  fused  in  air  it  becomes  covered  with  a  thin  coating  of  oxide, 
which  checks  further  oxidation;  but  when  heated  in  a  finely 
divided  state  it  inflames,  burning  with  a  very  brilliant  light.  It 
does  not  decompose  water,  even  at  100°.  Dilute  hydrochloric  acid 
dissolves  it  readily  in  the  cold,  with  evolution  of  hydrogen,  but 
dilute  sulphuric  acid  does  not  attack  it  till  heated,  whilst  nitric 
acid,  even  when  hot  and  concentrated,  acts  upon  it  only  very 
slowly.  It  is  not  attacked  by  ammonia,  but  dissolves  readily  in 
caustic  potash  with  evolution  of  hydrogen. 

COMPOUNDS  OF  BERYLLIUM  WITE  TEE  EALOGENB. 

Beryllic  chloride,  BeClg. — Molecular  loeight  =  80.  Molecular 
mhime  p~1 — The  anhydrous  chloride  is  obtained  in  lustrous, 
colourless,  needle-shaped  crystals  by  passing  chlorine  over  a 
heated  mixture  of  beryllic  oxide  and  charcoal.  It  is  readily  fusi- 
ble and  volatile.  The  crystals  deliquesce  rapidly  when  exposed 
to  air,  and,  when  thrown  into  water,  dissolve  with  a  hissing  sound, 
evolving  heat.  The  aqueous  solution,  which  may  also  be  obtained 
by  dissolving  the  oxide  in  hydrochloric  acid,  deposits,  by  sponta- 
neous evaporation  over  sulphuric  acid,  colourless  crystals  of  the 
formula  BeCl2,40H2,  from  which  the  water  of  crystallisation 
cannot  be  expelled  without  decomposition  of  the  salt. 

Beryllic  Iromide,  BeBr2,  and  heryllic  iodide,  Belj,  are  both  obtained  in' the 
form  of  colourless  needles  by  the  direct  union  of  their  elements. 

Beryllic  fluoride,  BeFj. — The  anhydrous  salt  is  not  known.  Tlie  solution  of 
beryllic  hydrate  in  hydrofluoric  acid  deposits  on  evaporation  an  amorphous  mass, 
which  when  further  heated  gives  ofE  water  and  hydrofluoric  acid,  being  partially 
converted  into  oxide.  It  forms  double  fluorides  vrith  the  fluorides  of  the  alkali 
metals. 

COMPOUNDS  OF  BERYLLIUM  WITE  OXYGEN  AND 

EYDROXYL. 

Beryllic  oxide,  Beryllia  . .     BeO.  Be=0. 
Beryllic  hydrate   BeHog.    H— 0— Be— 0— H. 

Beryllic  oxide  or  Beryllia,  BeO. — This  oxide  is  prepared  from 
the  mineral  beryl,  a  beryUic  aluminic  silicate  (p.  590).  The  finely 
powdered  mineral  is  fused  with  three  parts  of  anhydrous  potassic 
carbonate,  and  the  cooled  mass  is  treated  with  concentrated  sul- 
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pliuric  acid,  the  excess  of  acid  being  expelled  by  heatincr  On 
ex  racting  with  water,  the  sulphates  of  beryllium,  aluminium  and 
potassium  dissolve,  whilst  the  silica  remains  and  may  be  fihered 
off  The  solution  is  evaporated  until  a  crust  begins  to  form  on  the 
surface.    On  standing,  the  greater  portion  of  the  alumina  crystal- 

SOgKo — I 

lises  out  as  potash  alum,  lo^^ZZI  ('Al^  0^)^!  240H„  the  beryllia 

SO2K0  1 

remaining  in  solution.  A  fresh  crop  of  alum  crystals  may  be 
obtained  by  the  further  evaporation  of  the  mother  liquor  from  the 
first  crop.  The  filtered  liquid  from  the  second  crop  of  crystals  is 
then  poured  into  an  excess  of  a  warm  solution  of  ammonic  carbo- 
nate, and  the  .  whole  is  allowed  to  remain  for  some  days  in  a 
stoppered  bottle,  agitating  from  time  to  time.  The  precipitate, 
consisting  of  alumina  and  ferric  oxide,  is  filtered  off,  and  the 
beryllia  is  precipitated  from  the  solution,  either  as  basic' carbonate 
by  protracted  boiling,  or  as  hydrate  by  acidulating  with  hydro- 
chloric a.cid  and  afterwards  rendering  alkaline  with  ammonia.  By 
ignition  the  carbonate  or  hydrate  is  converted  into  oxide.  Thus 
prepared  beryllia  forms  a  white  bulky  amorphous  powder  of 
sp.  gr.  3-08,  resembling  magnesia  in  appearance.  It  is  insoluble  in 
water,  and,  after  being  strongly  ignited,  does  not  dissolve  in  dilute 
acids.  Like  magnesia,  it  becomes  crystalline  by  exposure  to  a  very 
intense  heat. 

Beryllic  hydrate,  BeHoj,  is  obtained  as  a  gelatinous  precipitate  when  ammonia 
is  added  to  a  solution  of  a  beryllium  salt.  After  drying  at  100°  it  forms  a  bulky 
white  powder,  which  at  a  higher  temperature  is  converted  into  the  oxide.  It  is 
insoluble  in  water,  soluble  in  solutions  of  caustic  potash,  caustic  soda,  and  ammonic 
carbonate,  but  insoluble  in  ammonia.  If  the  solution  in  caustic  potash  be  diluted 
and  boiled,  the  beryllic  hydrate  is  re-precipitated.  From  the  solution  in  ammonic 
carbonate  a  precipitate  of  a  basic  beryUic  carbonate  separates  on  boUing.  BeryUic 
hydrate  dissolves  in  a  boiling  solution  of  ammonic  chloride  with  formation  of 
bei-ylhc  chloride  and  with  liberation  of  ammonia. 


OXY-SALTS  OF  BERYLLIUM. 

Beryllic  nitrate,  ^Q=Beo",30H:2,  forms  deHquescent  crystals,  readily  soluble  in 
alcohol.    At  a  temperature  of  250°  it  is  completely  converted  into  oxide. 

Beryllic  carbonate.— The  precipitate  produced  in  solutions  of  bei7lliura  salts  by 
aikaline  carbonates  is  a  basic  beryllic  carbonate  of  the  formula  CHo(OBeHo)3,30H:j. 
This  salt  dissolves  in  water  containing  carbonic  anhydride,  and  the  solution,  when 
evaporated  over  sulphuric  acid  in  an  atmosphere  of  carbonic  anhydride,  deposits 
crystals  of  the  normal  carbonate,  COBeo",40Il2.    These,  on  exposure  to  the  air. 
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spontaneously  part  with,  carbonic  anhydride  and  are  re-converted  into  the  basic 
salt. 

Beryllic  S2dj)hate,  SOHogBeo'^SOHg,  crystallises  from  aqueous 
solutions  in  quadratic  octahedra,  which  are  soluble  in  their  own 
weight  of  water  at  ordinary  temperatures,  and  effloresce  on  expo- 
sure to  the  air.  The  water  of  crystallisation  is  expelled  at  110°, 
leaving  the  salt  SOHo^Beo".  This  salt  is  stable  at  150°,  but  at  a 
liigher  temperature  the  water  of  constitution  is  expelled  and  the 
anhydrous  salt  SOjBeo"  remains.  At  a  red  heat  the  anhydrous 
salt  is  converted  into  beryllia.  From  solutions  containing  free 
sulphuric  acid,  beryllic  sulphate  crystallises  in  large  efflorescent 
nionoclinic  prisms  of  the  formula  SOHo2Beo",60H2,  isomorphous 
with  those  of  Epsom  salt.*  Mixed  solutions  of  beryllic  and 
magnesic  sulphates  deposit  crystals  containing  the  two  metals  in 
variable  proportions. 

Beryllic  orthophosphate. — A  Jiydric  heryllic  phosphate,  POHoBeo",30Il2,  is 
obtained  as  a  white  amorphous  precipitate  when  hydric  disodic  phosphate  is  added 
to  the  solution  of  a  beryllium  salt.  When  the  sodic  phosphate  is  added  to  a  solu- 
tion containing  heryllic  nitrate  and  ammonic  chloride,  the  triple  salt,  disodic 
diammonic  beryllic  phosphate,  P202]Srao2(NH40)2Beo",70H2,  is  precipitated  as  a 
white  crystalline  powder. 

Beryllic  silicate,  SiBeo"2,  occurs  native  in  hexagonal  crystals  as  phenacite. 

COMPOUND  OF  BERYLLIUM  WITS  SULPHUR. 

Beryllic  sulphide,  BeS",  is  formed  as  a  grey  infusihle  mass  when  beryUium  is 
lieated  in  sulphur  vapour.  Alkaline  sulphides  precipitate  only  beryllic  hydrate 
from  solutions  of  beryllium  salts. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Beryllium.— The  salts  of  beryllium  with  colourless  acids  are 
colourless  ;  they  have  a  sweet,  slightly  astringent  taste  and  an  acid 
reaction.  Caustic  alkalies,  ammonia,  and  ammonic  sulphide  precipi- 
tate white  flocculent  beryllic  hydrate,  in  the  case  of  the  last  pre- 
cipitant with  evolution  of  sulphuretted  hydrogen.  The  precipitate 
is  soluble  in  excess  of  caustic  alkali,  but  not  in  excess  of  ammonia. 
Beryllic  hydrate  is  soluble  m  ammonic  carbonate,  and  may  thus  be 
separated  from  alumina,  along  with  which  it  is  usually  precipitated 
in  analysis.  Beryllium  salts  do  not  colour  the  non-luminous  flame. 
The  spark  spectrum  contains  two  characteristic  lines  in  the  blue. 

*  Marignac,  however,  doubts  whether  these  salts  are  really  isomorphous. 
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CHAPTEK  XXXIV. 

DYAD  ELEMENTS. 

Section  III. 
CADMIUM,  Cd. 

Atomic  weight  =  112.  Molecular  weight  =  112.  Molecular  and 
atomic  volume  CO-  1  litre  of  cadmium  vapour  weighs  56 
criths.  Sj).gr.8-6  Fuses  at  320°.  Boils  at  860°.  Atomicity'.'. 
Evidence  of  atomicity  : — 

Cadmic  chloride 
Cadmic  oxide  . 

History. — Cadmium  was  discovered  independently  and  almost 
simultaneously  by  Stromeyer  and  by  Hermann  in  1817. 

Occurrence. — Cadmium  occurs  in  small  quantities  in  many  zinc 
ores.  A  fibrous  zinc  blende  found  at  Przibram  in  Bohemia  con- 
tains as  much  as  from  2  to  3  per  cent,  of  cadmium.  The  rare 
mineral  greenockite  is  a  sulphide  of  cadmium  (CdS"). 

Preparation. — In  the  process  of  extracting  zinc  from  ores  con- 
taining cadmium,  the  latter  metal  distils  over  first,  and  is  for  the 
most  part  oxidised  by  the  air  in  the  receivers.  By  distilling  these 
first  portions  with  powdered  coal  at  as  low  a  temjDerature  as 
possible,  cadmium  is  obtained  almost  pure.  In  order  to  purify  it 
thoroughly,  it  is  dissolved  in  dilute  sulphuric  or  hydrochloric  acid 
and  precipitated  from  the  acid  solution  by  sulphuretted  hydrogen, 
the  zinc  remaining  in  solution.  The  cadmic  sulphide  is  redissolved 
in  concentrated  hydrochloric  acid,  and  the  cadmium  is  precipitated 
from  the  solution  by  an  excess  of  ammonic  carbonate,  which  dis- 
solves any  arsenic  and  copper  that  may  be  present.  The  cadmic 
carbonate  is  converted  by  ignition  into  oxide,  which  by  distillation 
with  a  tenth  of  its  weight  of  powdered  coal  yields  the  pure  metal. 

Properties. — Cadmium  is  a  white  lustrous  metal,  with  a  fibrous 
fracture.  Wlien  pure  it  is  very  malleable  and  ductile.  It  loses 
its  lustre  by  exposure  to  the  air,  and  when  heated  in  air  burns, 
sivins  off  a  brown  smoke  of  cadmic  oxide.  Dilute  sulphuric  and 
hydrocliloric  acids  dissolve  it  slowly  with  evolution  of  hydrogen. 


Cd"Cl2. 
Cd'^O. 
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Nitric  acid  rapidly  dissolves  it.  Zinc  precipitates  it  in  the 
metallic  form  from  the  solution  of  its  salts. 

COMPOUNDS  OF  CADMIUM  WITH  THE 
HALOGENS. 

Cadmic  chloride,  CdClg. — A  solution  of  the  metal  or  of  the 
oxide  in  hydrochloric  acid  deposits  on  evaporation  colourless 
prisms  of  the  composition  CdCl2,20H2,  which  effloresce  when 
exposed  to  the  air.  The  water  of  crystallisation  may  be  expelled 
by  heat  without  decomposition  of  the  salt.  The  anhydrous 
chloride  fuses  below  a  red  heat,  and  at  a  higher  temperature  may 
be  sublimed  in  colourless  lamiute.  One  hundred  parts  of  water  at 
20°  dissolve  141  parts  of  the  anhydrous  salt,  and  the  solubility 
scarcely  varies  with  the  temperature.  It  forms  a  number  of 
crystalline  double  chlorides  with  the  alkaline  and  many  other 
chlorides. 

Cadmic  bromide,  CdBro  is  prepared  by  digesting  cadmium  witli  bromine  and 
water.  On  evaporation  the  solution  yields  efflorescent  acicular  crystals  of  the 
formula  CdBr2,40Il2,  which  on  heating  become  anhydrous.  At  a  higher  tempera- 
ture the  salt  fuses  and  sublimes  in  colourless  laminae.  It  forms  double  bromides 
with  the  bromides  of  the  alkalies  and  alkaline  earths. 

Cadmic  iodide,  Cdlj,  is  prepared  like  the  bromide.  It  crystallises  from  water  in 
fusible  hexagonal  plates.  When  heated  it  is  decomposed  with  evolution  of  iodine. 
One  hundred  parts  of  water  at  20°  dissolve  93  parts  of  the  salt ;  at  100°,  133  parts- 
It  is  also  soluble  in  alcohol.  It  forms  numerous  double  iodides  with  the  iodides  of 
other  metals.    Cadmic  iodide  is  employed  in  photography. 

COMPOUNDS  OF  CADMIUM  WITH  OXYGEN  AND 

HYDRO  XYL. 

Cadmic  oxide   CdO.  Cd=0. 

Cadmic  hydrate   CdHoj.    H— 0-Cd— 0— H. 

Cadmic  oxide,  CdO,  may  be  prepared  like  the  oxide  of  zinc  by 
the  combustion  of  the  metal.  It  is  thus  obtained  as  a  brown 
amorphous  powder.  When  cadmic  nitrate  is  ignited  the  oxide 
remains  in  the  form  of  microscopic  octaliedra,  which  by  reflected 
light  appear  blue-black,  by  transmitted  light  brown.  It  is 
insoluble  in  water,  readily  soluble  in  acids.  It  is  infusible  even 
at  a  white  heat.  When  heated  on  charcoal  before  the  blowpipe, 
it  is  reduced,  the  metal  at  the  same  time  volatilising  and  burning 
with  formation  of  a  brown  incrustation  of  cadmic  oxide  on  the 
charcoal. 

2  Q  2 
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Cadmio  hydrate,  CdHoo,  is  obtaiued  by  precipitating  the  solution  of  a  cadmium 
salt  with  potassic  or  sodic  hydrate,  and  drying  the  precipitate  at  100°.  It  forms  a 
white  powder,  insoluble  in  water  and  in  solutions  of  potassic  and  sodic  hydrate  • 
readily  soluble  in  ammonia  and  in  acids.  It  absorbs  carbonic  anhydride  from  the 
air.    At  300°  it  is  converted'  into  oxide. 

OXY-SALTS  OF  CADMIUM. 

NO 

Cadmio  nitrate,  ^^C(Lo" ,4,0^^,  crystallises  in  deHquescent  prisms,  soluble  in 
alcohol. 

Cadmio  carbonate.— A  precipitate  approximating  in  composition  to  that  of  the 
normal  salt,  COCdo",  is  obtained  by  adding  in  the  cold  a  solution  of  a  cadmium  salt 
to  an  excess  of  an  alkaline  carbonate.  The  precipitate  formed  at  a  higher  tempera- 
ture, or  with  a  smaller  quantity  of  alkaline  carbonate,  is  a  basic  salt  of  varying 
composition. 

Cadmic  sulphate,  SOgCdo",  is  deposited  from  its  solutions  by 
spontaneous  evaporation  at  ordinary  temperatures  in  large  colour- 
less monoclinic  crystals  of  the  formula  SSOgCdo'^SOH^  A 
boiling  solution  containing  an  excess  of  sulphuric  acid  deposits 
warty  crystals  of  a  salt  S02Cdo",OH2.  The  anhydrous  salt  is 
soluble  in  less  than  twice  its  weight  of  water  at  ordinary  tempera- 
tures ;  somewhat  more  soluble  at  100°.  The  normal  salt  is  con- 
verted bv  heating  into  a  basic  compound  of  the  formtila 
S02(OCdHo)2,  sparingly  soluble  in  water  and  crystallising  in 
pearly  scales.    Cadmic  sulphate  is  employed  in  medicine. 

COMPOUND  OF  CADMIUM  WITH  SULPHUR. 

Cadmic  sulphide,  CdS",  occurs  native  in  yellow  hexagonal 
prisms  as  the  rare  mineral  greenockite.  It  is  obtained  as  an 
amorphous  powder  of  a  pure  yellow  colour  when  a  solution  of  a 
cadmium  salt  is  precipitated  with  sulphuretted  hydrogen  or  with 
an  alkaline  sulphide.  It  is  soluble  in  concentrated  nitric  and 
hydrochloric  acids,  and  in  hot  dilute  sulphuric  acid.  It  fuses  at  a 
white  heat,  and  solidifies  on  cooling  in  micaceous  scales.  By 
fusing  the,  precipitated  sulphide  with  potassic  carbonate  and 
sulphur,  extracting  the  cooled  mass  with  water,  or  by  passing  the 
vapour  of  sulphur  over  cadmic  oxide  heated  to  the  highest  possible 
temperature,  cadmic  sulphide  may  be  obtained  in  hexagonal 
crystals. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Cadmium. — The  salts  of  cadmium  with  colourless  acids  are  colour- 
less.   Caustic  alkalies  precipitate  from  solutions  of  the  salts  white 
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cadmic  hydrate,  insoluble  in  excess  of  the  precipitant.  Ammonia 
gives  the  same  precipitate,  readily  soluble  however  in  excess.  Am- 
monic  carlonate  precipitates  cadmic  carbonate,  insoluble  in  excess. 
Sulphuretted  hydrogen  precipitates  from  a  hydrochloric  acid  solution 
yellow  cadmic  sulphide,  insoluble  in  ammonic  sulphide  and  in 
potassic  cyanide,  but  soluble  in  hot  dilute  sulphuric  acid.  Heated 
on  charcoal  before  the  blowpipe,  cadmium  compounds  give  a  brown 
incrustation  of  cadmic  oxide.  Cadmium  compounds  do  not  colour 
the  non-luminous  flame.  The  spark  spectrum  displays  charac- 
teristic lines  in  the  red,  green,  and  blue. 

MERCURY,  Hg. 

Atomic  weight  =  200.  Molecidar  vjeight  —  200.  Molecidar  and 
atomic  volume  I  I  !■  1  litre  of  mercury  vapour  weighs  l^iQ  criths. 
Sp.  gr.  13-59.  Fuses  at  —  39-5°.  Boils  at  357-25°  (Eegnault). 
Atomicity  ",  also  a  pseudo-monad.    Evidence  of  atomicity : — 

Mercuric  chloride   Hg"Cl2. 

Mercuric  oxide   Hg"0. 

Mercurous  chloride    'Hg'2Cl2. 

Mercurous  oxide    'Hg'gO. 

History. — Mercury  has  been  known  from  almost  the  earliest 
historical  times. 

Occurrence. — Mercury  is  found  native  in  minute  globules  dis- 
seminated through  its  ores.  It  occurs  in  combination  as  chloride 
and  iodide,  and  also  Avith  gold  and  silver  in  the  form  of  amalgams. 
Its  most  abundant  ore  is  mercuric  sulphide  or  cinnabar.  The  most 
important  mines  are  those  of  Idria  in  Carniola,  Almaden  in  Spain, 
Napa  Valley  in  California,  and  at  Wolfsstein  and  Landsberg  in  the 
Bavarian  Palatinate. 

Extraction. — At  Idria  the  ore — a  mixture  of  cinnabar  with 
earthy  matters — is  placed  on  the  top  of  a  perforated  arch,  under 
which  the  furnace  is  situated.  After  closing  the  aperture  through 
which  the  ore  has  been  introduced,  the  furnace  is  lighted.  The 
flame,  along  with  an  excess  of  air  Avhich  is  allowed  to  enter  by 
openings  constructed  for  that  purpose,  plays  through  the  perfora- 
tions of  the  arch  upon  the  ore,  oxidising  the  sulphur  to  sulphurous 
anhydride,  and  volatilising  the  mercury.  The  products  of  combus- 
tion pass  through  stone  chambers,  in  which  the  mercury  condenses 
and  thence  into  a  tower,  through  which  a  stream  of  water  trickles^ 


598 


INORGANIC  CHEMISTHY. 


removing  the  last  traces  of  mercury  from  the  escaping  gases.  At 
Almaden  the  mercury  vapour,  instead  of  passing  into  stone 
chambers,  is  condensed  in  a  series  of  stoneware  bottles  termed 
ahidels,  open  both  at  top  and  bottom,  and  so  arranged  that  the  neck 
of  each  fits  into  the  bottom  of  the  next. 

A  furnace,  in  which  from  50  to  60  tons  of  ore  can  be  distilled 
in  one  operation,  can  be  filled  and  the  charge  worked  off  in  a  day  ; 
but  four  or  five  days  must  be  allowed  to  elapse  before  the  furnace 
is  sufficiently  cool  to  be  recharged.  In  order  to  obviate  this  loss  of 
time,  a  continuous  ]Drocess  has  been  devised,  in  which  the  ore, 
along  with  charcoal,  is  introduced  from  time  to  time  at  the  top  of 
the  furnace  whilst  the  ashes  are  withdrawn  at  the  bottom. 

In  the  Bavarian  Palatinate  the  ore  is  mixed  with  lime  and  dis- 
tilled from  iron  retorts.  Mercury  passes  over,  and  a  mixture  of 
calcic  sulphide  and  sulphate  remains.  In  Bohemia  the  ore  is  dis- 
tilled with  smithy-scales. 

Mercury  obtained  by  any  of  the  above  processes  is  freed  from 
mechanical  impurities  by  filtering  through  linen.  It  is  generally 
sent  into  the  market  in  iron  bottles. 

Preparation  of  pure  Mercury. — Commercial  mercury  is  generally 
contaminated  with  small  quantities  of  foreign  metals  which  it 
holds  in  solution.  The  presence  of  these  unpurities  is  manifested 
by  a  diminution  of  the  fluidity  of  the  mercury,  accompanied  by  a 
tendency  to  adhere  to  glass  or  porcelain :  a  globule  of  pure 
mercury  runs  rapidly  and  coherently  over  a  clean  inclined  surface 
of  porcelain ;  but  when  the  mercury  is  impure  the  globule  becomes 
considerably  elongated  in  its  course,  and  generally  leaves  behind  it 
on  the  porcelain  a  dark-coloured  track  of  oxide  in  which  traces  of 
the  metal  are  retained.  Mercury  may  be  freed  from  these  impuri- 
ties by  distillation,  the  surface  of  the  metal  being  covered  during 
the  operation  with  a  thick  layer  of  iron  filings  to  diminish  spirting. 
A  very  pure  product  may  be  obtained  by  conducting  the  distilla- 
tion  in  a  Sprengel  vacuum.  Mercury  may  also  be  purified  by 
agitating  it  with  dilute  nitric  acid,  or  by  leaving  it  in  shallow 
vessels  in  contact  with  the  acid,  when  the  impurities  are  dissolved 
first.  Mercury  is  also  very  effectively  purified  by  leaving  it  for 
several  days  under  a  layer  of  concentrated  sulphuric  acid.  Pure 
mercury  ought  to  leave  no  residue  when  dissolved  in  nitric  acid, 
evaporated,  and  ignited. 

Properties. — Mercury  is  a  silver-white,  very  lustrous  metal.  It 
is  liquid  at  ordinary  temperatures,  but  solidifies  at  —39-5°  to  a  tin- 
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white,  malleable  and  secLile  mass,  crystallising  in  regular  octahedra. 
It  contracts  during  soUdification.    Mercury  volatilises  sensibly  at 
ordinary  temperatures  :  a  piece  of  gold  leaf  suspended  in  a  closed 
vessel  over  mercury  becomes  in  course  of  time  white  and  silvery, 
owing  to  the  absorption  of  the  mercurial  vapour  by  the  gold. 
Mercury  boils  at  357-25°,  yielding  a  colourless  vapour.    Pure  mer- 
cury undergoes  scarcely  any  alteration  in  air  at  ordinary  tempera- 
tures, though  a  very  thin  film  of  mercurous  oxide  is  formed  on  the 
surface  ;  but  at  a  temperature  near  to  its  boiling  point  it  gradually 
absorbs  oxygen  with  formation  of  red  mercuric  oxide.  Hydro- 
chloric acid,  even  when  hot  and  concentrated,  is  without  action 
upon  mercury.    Sulphuric  acid  does  not  attack  it  in  the  cold  ;  but 
the  hot  concentrated  acid  dissolves  it  with  evolution  of  sulphurous 
anhydride.    When  the  metal  is  present  in  excess  and  the  tempera- 
ture is  not  allowed  to  rise  to  the  boiling  point  of  the  mixture,  a 
mercurous  salt  is  formed ;  an  excess  of  acid  leads  to  the  formation 
of  a  mercuric  salt.    Cold  dilute  nitric  acid  dissolves  it,  yielding 
mercurous  nitrate ;  when  an  excess  of  the  metal  is  boiled  with  the 
dilute  acid,  a  basic  mercurous  nitrate  is  obtained.  Hot  concentrated 
nitric  acid  in  excess  dissolves  it  with  evolution  of  nitric  oxide  and 
formation  of  mercuric  nitrate.  When  a  rapid  stream  of  water  from 
a  tap  is  directed  from  a  height  of  three  or  four  inches  upon  the 
surface  of  a  large  mass  of  mercury,  bubbles  of  mercury  are 
formed  and  float  on  the  surface  of  the  water.    These  transmit  blue 
light  through  the  thin  metallic  film,  and  deposit  on  bursting  a 
minute  globule  of  mercury.    When  mercury  is  triturated  with 
sugar,  grease,  and  various  other  substances,  it  is  obtained  in  a 
very  finely  divided  state,  the  union  of  the  particles  of  the  metal 
being  prevented  by  the  interposition  of  the  foreign  substance. 
This  process  is  known  as  the  "  deadening"  of  the  mercury.    In  the 
case  of  grey  mercurial  ointment,  which  is  prepared  by  this  method, 
the  mercury  forms  nearly  uniform  globules  having  a  diameter  of 
O'OOl  to  0'004  mm.    The  vapour  of  mercury  when  inhaled  acts  as 
a  poison,  producing  salivation.    The  finely  divided  mercury  when 
taken  internally  has  a  similar  action  ;  but  liquid  mercury  has  been 
swallowed  without  noticeable  ill  effects. 

Uses. — Mercury  is  invaluable  to  the  physicist  and  the  chemist. 
Many  important  physical  observations  could  not  have  been  made 
without  the  aid  of  apparatus  of  which  mercury  forms  an  essential 
part.  The  chemist  employs  mercury  in  collecting  and  measuring 
gases  which  are  soluble  in  water,  and  also  for  the  preparation  of 
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.the  mercurial  compounds.  It  is  further  used  in  silvering  mirrors 
in  extracting  gold  and  silver  from  their  ores  by  the  amalgamation' 
process,  and  m  medicine. 


Amalgams. 

The  aUoys  of  the  various  metals  with  mercury  are  known  as 
amalgams.  Some  amalgams  are  forme.d  by  the  direct  union  of 
their  constituents,  the  combination  either  taking  place  sponta- 
neously at  ordinary  temperatures,  or  requiring  the  aid  of  heat 
Cxold,  silver,  tm,  sodium,  and  niany  other  metals  may  be  thus 
directly  amalgamated.  In  other  cases  an  indirect  process  must  be 
resorted  to.  If  the  metal  is  more  electro-positive  than  mercury,  it 
may  frequently  be  amalgamated  by  immersing  it  in  the  solution  of 
a  salt  of  mercury :  in  this  way  an  amalgam  of  copper  may  be  pre- 
pared. Other  indirect  methods  of  amalgamation  are :  the  electro- 
lysis of  a  solution  of  the  metal,  employing  mercury  as  the  negative 
electrode,  and  the  action  of  an  amalgam  of  sodium  upon  the  solu- 
tion. 

Putassium  amalgam. — Potassium  and  mercury  combine  with 
considerable  rise  of  temperature,  but  without  incandescence.  The 
amalgam  is  solid  when  it  contains  1  part  of  potassium  to  96  parts 
of  mercury,  but  liquid  when  the  proportion  of  mercury  rises  to 
140  parts.    The  solid  amalgam  crystallises  in  cubes. 

Sodium  amalgam. — Sodium  and  mercury  combine  violently  at 
ordinary  temperatures,  the  process  being  attended  with  a  hissing 
noise  and  vivid  incandescence.  An  amalgam  containing  100  parts 
of  mercury  to  1  of  sodium  is  viscid ;  with  80  parts  of  mercury, 
pasty ;  with  40  parts,  solid ;  and  with  30  parts,  hard. 

The  amalgams  of  potassium  and  sodium,  when  brought  in  con- 
tact with  water,  evolve  hydrogen.  Sodium  amalgam  is  employed 
as  a  reducing  agent  in  organic  chemistry  (p.  472).  It  is  also  used 
in  the  extraction  of  gold  and  silver  (p.  500). 

Iron  amalgam. — Iron  may  be  amalgamated  by  rubbing  its  clean 
surface  with  sodium  amalgam. 

Ammonium  amalgam. — See  p.  249. 

Copper  amalgam. — When  copper  is  immersed  in  a  solution  of 
nitrate  of  mercury,  the  mercury  is  deposited  on  the  surface  of  the 
copper.  By  treating  finely  divided  or  pi'ecipitated  copper  in  this 
way  and  then  triturating  it  under  warm  water  with  the  requisite 
quantity  of  mercury,  an  amalgam  of  copper  may  be  obtained. 
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Copper  amalgam  containing  30  per  cent,  of  copper  is  hard  enoug 
to  scratch  tin,  but  has  the  remarkable  property  of  becoming  soft 
and  plastic  by  heating  to  100°  and  kneading  in  a  mortar,  recover- 
ing its  hardness  in  the  course  of  a  few  hours..  As  it  has  the  same 
density  in  the  soft  as  in  the  hard  state,  it  may  be  employed  to  stop 
cavities,  which  it  exactly  fills  on  solidifying.  In  this  way  it  has 
been  used  for  stopping  teeth. 

Cadmium  amalgam  possesses  the  same  plastic  properties  as  the 
above,  and  is  also  employed  in  dentistry. 

Tin  amalgam.— Tin  dissolves  in  mercury  with  absorption  of 
heat.  According  to  the  relative  proportions  the  amalgam  is  either 
liquid,  or  solid  and  crystalline.  Tin  amalgam  is  employed  in 
silvering  mirrors. 


COMPOUNDS  OF  MERCURY  WITH  THE  HALOGENS, 
a.  Mercurous  Compounds. 

Meecurous  chloride,  Calomel,  'Hg'^Gl^.— Molecular  weight  = 
471. — This  compound  occurs  in  lustrous  quadratic  crystals  or 
crystalline  crusts  as  the  rare  mineral  Jwrn-quicksilver.  It  is  pre- 
cipitated by  the  addition  of  hydrochloric  acid  or  a  sokible  chlo- 
ride to  a  solution  of  mercurous  nitrate.  It  is  also  precipitated 
when  a  solution  of  mercuric  chloride  is  saturated  with  sulphurous 
anhydride  and  the  liquid  is  warmed  to  70°  or  80°.  Calomel  is 
generally  prepared,  however,  in  the  dry  way  by  subliming  together 
4  parts  of  mercuric  chloride  with  3  parts  of  metallic  mercury.  The 
sublimation  is  performed  in  a  cast-iron  cylinder,  and  the  calomel 
vapour  is  passed  into  the  upper  part  of  a  large  brick  chamber, 
where  it  condenses  in  a  fine  powder,  as  in  the  process  of  preparing 
flowers  of  sulphur.  The  product  must  be  thoroughly  washed  with 
large  quantities  of  warm  water  in  order  to  remove  any  unaltered 
mercuric  chloride.  When  the  vapour  is  allowed  to  condense  on  a 
cold  surface,  the  mercurous  chloride  is  obtained  as  a  fibrous  crystal- 
line mass  of  sp.  gr.  7'1.  Mercurous  chloride  assumes  a  grey  tint 
under  the  action  of  light,  owing  to  the  separation  of  metallic  mer- 
cury. "When  heated  it  sublimes  without  fusing.  It  possesses  a 
vapour  density  only  half  of  that  required  by  the  formula  'Hg'jClj; 
but  investigation  has  shown  that  the  supposed  vapour  of  calomel 
consists  of  a  mixture  of  the  vapours  of  mercuric  chloride  and  mer- 
cury, which  recombiue  on  cooling : — 
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'Hg'^Cl^    =    HgCl^    +  Hg. 

Mercurous  Mercuric  2  vols 

chloride.  chloride,  2  vols. 

It  is  insoluble  in  water,  in  alcohol,  and  in  dHute  acids  in  the  cold 
By  boding  with  hydrochloric  acid  it  is  converted  into  mercuric 
chloride,  which  dissolves,  and  metallic  mercury.  In  contact  with 
caustic  potash  it  blackens,  owing  to  the  formation  of  mercurous 
oxide. — Calomel  is  much  used  in  medicine. 

Mercurous  hromide, ':B.uf,-Qr,,  is  prepared  by  precipitating  a  solutioa  of  mar- 
curous  nitrate  with  hydrobromic  acid  or  with  a  soluble  bromide,  and  also  bv  sub- 
iming  a  mixture  of  mercuric  bromide  and  metallic  mercury.    It  closely  resembles 
the  chloride  in  its  properties,  and,  like  that  compomid,  possesses  a  vapour  density 
only  lialf  of  that  required  by  its  formula. 

Mercurous  iodide, 'TLs'.^,,  may  be  obtained  by  triturating  10  parts  of  mercury 
with  6-7  parts  of  iodine,  adding  sufficient  alcohol  to  moisten  tlie  mass.  The  product 
must  be  washed  with  alcohol  in  order  to  remove  any  mercuric  iodide.  It  foi-ms  a 
ye  lowish-green  powder,  wliich  fuses  at  290°,  yielding  a  black  hquid.  It  sublimes 
below  this  temperature,  and  by  careful  sublimation  may  be  obtained  in  yellow 
rhombic  crystals.  These,  when  heated  to  70",  assume  a  red  colour,  which  deepens 
as  the  temperature  rises,  tiU  at  220°  it  attains  to  a  deep  garnet-red.  This  change  of 
colour  is  not  accompanied  by  any  change  in  composition,  and  the  crystals  recover 
their  original  colour  on  cooling.  When  quickly  heated,  mercurous  iodide  is 
decomposed  into  mercuric  iodide  and  metallic  mercury,  and  the  same  change  takes 
place  graduaUy  at  ordinary  temperatures.  It  is  only  sparmgly  soluble  in  water.  In 
contact  with  a  solution  of  potassic  iodide  it  is  decomposed  into  mercuric  iodide, 
which  dissolves  with  formation  of  potassic  mercuric  iodide,  and  metallic  mercury. 

Mercurous  fluoride,  'Hg-'aFg,  is  prepared  by  dissolving  freshly  precipitated  mer- 
curous carbonate  in  hydrofluoric  acid  and  evaporating  the  solution.  It  forms  small 
yellow  crystals,  which  are  partially  decomposed  by  pure  water  with  separation  of 
mercurous  oxide.  When  the  dry  fluoride  is  heated  in  a  glass  vessel,  mercury  sub- 
limes and  the  glass  is  corroded. 

h.  Mercuric  Compounds. 

Meecuriu  CHLORIDE,  Corrosivc  suUimate,  'H.gOl^.— Molecular 

weight  =  271.    Molecular  volume  □□  This  compound  is  formed 

when  mercury  is  heated  in  an  excess  of  chlorine ;  also  when 
mercuric  oxide  is  dissolved  in  hydrochloric  acid,  or  mercury  in 
aqua-regia.  It  is  generally  prepared  by  heating  a  mixture  of 
mercuric  sulphate  and  common  salt;  the  mercuric  chloride 
sublimes  and  condenses  as  a  colourless,  transparent,  crystalline 
mass  in  the  upper  part  of  the  vessel.  A  small  quantity  of 
manganic  dioxide  is  added  to  the  mercuric  sulphate  in  order  to 
oxidise  any  mercurous  salt  which  may  be  j)i'esent.  Mercuric 
chloride  crystallises  from  its  aqueous  solution  in  long  colourless 
rhombic  prisms,  having  a  sp.  gr.  of  5"4.    It  fuses  at  265°  and  boils 
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at  ^5°,  It  is  soluble  in  from  14  to  15  parts  of  water  at  ordinary 
temperatures,  in  2  parts  of  water  at  100°.  It  also  dissolves  m 
3  parts  of  alcohol  and  in  4  parts  of  ether.  Mercuric  chloride  is 
exceedingly  stable,  dissolving  in  concentrated  nitric  acid  and  sul- 
phuric acid  without  decomposition.  On  heating  the  sulphuric;  acid 
solution  the  mercuric  chloride  sublimes  out  of  the  concentrated 
acid  unchanged.  Mercuric  chloride  is  a  violent  poison.  It  is 
employed  in  medicine  and  as  an  antiseptic  for  anatomical  prepara- 
tions.—Mercuric  chloride  forms  the  following  crystallisable  double 
salts  with  the  alkaline  chlorides : — 

HgCl2,KCl,OH2  ;  HgCl2,2KCl,OH, ;  2HgCl„KCl,20H2  ; 
HgCl2,2NaCl;  2HgCl2,2NaCl,30H2 ;  B.gCU_,lfiTi,Cl ; 
HgCl2,2NH,Cl,OH2 

(sal  alembroth).  It  also  combines  with  hydrochloric  acid  to  form 
the  crystallised  compounds  HgCl2,HCl  and  2HgCl2,HCl,  both  of 
which,  on  exposure  to  air,  effloresce  and  part  with  the  whole  of 
their  hydrochloric  acid.— By  boiling  a  solution  of  mercuric  chlo- 
ride with  mercuric  oxide,  or  by  adding  to  the  solution  a  quantity 
^f  caustic  alkali  insufficient  for  complete  precipitation,  various 
oxychlorides  of  mercury,  many  of  which  are  crystallisable,  may  be 
obtained.    The  compound 

Hg.OgCl^  =  CI— Hg— 0— Hg— 0— Hg— 0-Hg— CI 

forms  lustrous  golden-yellow  scales. 

Mercuric  bromide,  HgBrj,  is  obtained  bj  the  direct  union  of  mei-cury  with  an 
excess  of  bromine.  It  is  less  soluble  than  the  chloride,  and  crystallises  from  water 
in  lustrous  laminro,  from  alcohol  in  rhombic  needles  or  prisms.  It  sublimes 
readily. 

Mercueic  iodide,  Hglg,  is  prepared  by  triturating  10  parts  of 
mercury  with  13  parts  of  iodine,  adding  sufficient  alcohol  to 
moisten  the  mass ;  or  by  mixing  solutions  of  10  parts  of  mercuric 
chloride  and  12^  parts  of  potassic  iodide.  The  product  obtained 
by  the  direct  combination  of  iodine  with  mercury  is  a  brilliant  red 
crystalline  powder;  that  prepared  by  precipitation  is  at  first  of  a 
pure  yellow,  but  speedily  becomes  red  on  standing.  It  is  insoluble 
in  water,  readily  soluble  in  alcohol  or  in  solutions  of  potassic 
iodide  and  of  mercuric  chloride,  yielding  colourless  solutions. 
From  the  alcoholic  solution  it  is  deposited  in  red  quadratic 
octahedra.  When  mercuric  iodide  is  heated  to  150°  it  suddenly 
changes  its  colour  to  yellow ;  at  238°  it  fuses  to  a  yellow  liquid  and 
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volatilises  in  yellow  lustrous  rhombic  crystals,  which  on  standing 
or  sometimes  even  during  the  process  of  cooling,  are  converted  into 
aggregates  of  the  red  crystals.  This  change  inlo  the  r^d  Idi 
t  on  which  IS  accompanied  by  evolution  of  heat,  takes  place  L 
Stan  aneously  on  scratching  the  yeUow  crystals.  Mercuric  iodJde 
yields  with  potassic  and  ammonic  iodides  double  salts  of  the 
formuhe  2(HgI,KI),30H3  and  2(HgI„NHJ),30H„  wh  eh 
crystallise  m  yellow  prisms.  i  J>  ^   2'  wnicn 

Mercuric Jlvoride,  HgF,. -Mercuric  oxide  added  to  hydrofluoric  acid  is  no„ 

poLd  An  T  '"f  T  'T""'"'^  orange-coWd  c^^stalsof  thelauaecot-' 
hvdrofl.  T  i       "  deco.r.po8e8  the  oxyfluoride,  even  in  the  cold,  into 

hydrofluoric  acid  and  mercuric  oxide.  By  repeatedly  treating  the  oxyfluorid  with 
concentrated  hydrofluoric  acid,  mercuric  fluoride  is  obtained  as  a  whL  cry  tam  ' 
mass  of  the  formula  HgF„20H,.  The  same  compound  is  formed  when  mercu," 
oxide  IS  added  to  a  large  excess  of  hydrofluoric  acid  containing  50  per  cent  HF 
When  heated  to  50°  it  is  converted  into  the  oxyfluoride.  In  coLct  with  water!; 
18  decomposed  into  hydrofluoric  acid  and  mercuric  oxide. 

COMPOUNDS  OF  MERCURY  WITH  OXYGEN. 


Mercurous  oxide   'Hg'gO.  ^^'^O 

Mercuric  oxide    HgO.  Ho-=0. 


Mercurous  oxide,  'Hg'^O.— This  compound  is  obtained  as  a 
black  powder  by  precipitating  a  mercurous  salt  with  potassic  or 
sodic  hydrate.  By  the  action  of  light  it  is  decomposed  into 
mercuric  oxide  and  metallic  mercury ;  for  this  reason  it  must  be 
washed  and  dried  in  the  dark.  It  is  decomposed  in  the  same 
manner  when  heated  to  100°.  Acids  dissolve  it,  yielding  the 
mercurous  salts. 

Mercuric  oxide,  HgO,  is  formed  as  a  red  crystalline  powder 
when  mercury  is  heated  in  air  to  a  temperature  near  its  boiling- 
point.  It  is  most  conveniently  prepared  by  thoroughly  triturating 
mercuric  nitrate  with  an  equal  weight  of  mercury  and  cautiously 
heating  the  mixture  until  acid  fumes  cease  to  be  evolved.  When 
prepared  on  a  large  scale  by  this  method,  it  is  sometimes  obtained 
in  small  brick-red  rhombic  crystals,  having  a  sp.  gr.  of  11-136.  It 
is  precipitated  as  a  yellow  amorphous  powder  when  potassic  or 
sodic  hydrate  is  added  to  the  solution  of  a  mercuric  salt.  Mercuric 
oxide  is  not  quite  insoluble  in  water,  to  which  it  imparts  an 
alkaline  reaction  and  a  metallic  taste.    When  carefully  heated  it 
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assumes  a  deeper  colour,  graduaUy  passing  into  black,  but  recovers 
its  ori<-inal  tint  on  cooling.  At  a  red  heat  it  is  totally  decomposed 
into  mercury  and  oxygen.  Wlien  heated  with  bodies  which  take  up 
oxycren  it  oxidises  them  :  a  mixture  of  mercuric  oxide  and  sulphur 
explodes  with  great  violence  on  heating.  Mercuric  oxide  is 
gradually  blackened  by  exposure  to  light,  owing  to  a  partial 
decomposition. 

OXY-SAZTS  OF  MERCURY. 

a.  Mercuroiis  Salts. 
Mercurous  nitrate. — When   mercury  is  dissolved  in  cold 
dilute  nitric  acid  the  solution  deposits  colourless  monoclinic  tables 
or  prisms  of  the  normal  salt   tetrahyclric  mercurous  dinitrate, 

NOHo2//jj„'  Q  y/  dissolves  without  decomposition  in  water 
NOHo2^  022/ 

containing  nitric  acid,  but  in  contact  with  an  excess  of  pure  cold 
water  it  is  decomposed,  yielding  the  basic  salt  hydric  mercurom 
nitrate,  NOHo('Hg'202)",  as  a  yellow  crystaUine  powder  which  is 
converted  on  boiling  with  water  into  mercuric  nitrate  and  metallic 
mercury.  Other  basic  mercurous  nitrates  are  known,  some  of 
which  crystallise  well.  Thus  when  the  crystals  of  the  normal  salt 
are  heated  with  their  mother  liquor  in  contact  with  an  excess  of 
mercury,  the  solution  deposits  on  cooling  colourless,  lustrous,  non- 
efflorescent,  rhombic  prisms  of  hydric  dimercurous  trinitrate, 
N305Ho('Hg'202)"2-  If  on  the  other  hand  the  crystals  of  the 
normal  salt  are  left  for  some  time  in  the  cold  in  contact  with  the 
mother  liquor  along  with  an  excess  of  mercury,  lustrous  triclinic 
prisms  of  tetrahydric  pentamercuroics  hcxanitrate, 

Ne03Ho,CHg'202)'V 

are  formed. — The  normal  mercurous  nitrate  forms  numerous  crys- 
tallisable  double  salts  with  the  nitrates  of  other  metals. 

roci 

Mercurous  chlorate,  ^^(Sg'^Oi)",  is  obtained  in  colourless  rhombic  prisms  by 
joGl 

dissolving  freshly  precipitated  mercurous  oxido  in  chloric  acid.  When  heated  to 
250'  it  decomposes  into  mercuric  chloride,  mercuric  oxide,  and  oxygen. 

001 
O 


Mercurous peroliloraie,  ^Q{'E.g'i02)",60Ui,  is  obtained  in  colourless  delique- 

O 
O 
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scent  needles  by  diseolying  mercurous  oxido  in  an  aqueous  solution  of  perchloric 
JOBr 

Mercurous  hromate,  J  °('Hg',0,)",  is  deposited  in  colourless  lamina  when  solu 
I  OBr 

tions  of  mereurons  nitrate  and  potassic  bromate  are  mixed.  An  excess  of  water 
decomposes  it  w.th  formation  of  a  basic  salt 

Mercurous  carbonate  CO('Hg',0.)",  is  precipitated  as  a  yellow  powder  when  a 
solution  of  mercurous  nitrate  is  poured  into  an  excess  of  hydric  potassic  carbonate 
or  hydric  sodic  carbonate.    Mercurous  carbonate  decomposes  at  130°  into  carbon 
anhydride,  mercury,  and  mercm-ic  oxide. 

Mermrous  sulphate,  SO.CHg'^O^)",  is  obtained  as  a  white 
crystalline  mass  by  gently  heating  sulphuric  acid  with  an  excess  of 
mercury.  If  the  temperature  be  raised  too  high,  a  mercuric  salt  is 
formed  at  the  same  time.  Mercurous  sulphate  is  also  deposited  in 
minute  colourless  prisms  when  dilute  sulphuric  acid  is  added  to  a 
solution  of  mercurous  nitrate.  It  is  only  slightly  soluble  in  water 
When  heated  it  fuses  to  a  reddish-brown  Uquid  which  solidifies  on 
cooling  to  a  crystaUine  mass.  With  careful  heating  it  may  be 
sublimed. 


I.  Mercuric  Salts. 

Mercueic  nitrate,  ^Q2Hgo"._This  salt  is  prepared  byboihng 

mercury  with  an  excess  of  nitric  acid  until  a  portion  of  the  liquid, 
when  removed  and  tested  with  a  solution  of  common  salt,  yields 
no  precipitate.    The  normal  salt  is,  on  account  of  its  deliquescent 
nature,  very  difficult  to  obtain  in  a  crystallised  state.    When  the 
solution  is  evaporated  over  sulj)huric   acid,  large  deliquescent 
crystals  of  dihyclric  dimercuric  tetranitrate,  N407Ho2Hgo"2,  are 
obtained.    A  hydrated  normal  salt  is  deposited  in  tabular  crystals 
of  the  formula  NaO^Hgo'^SOHg,  when  a  solution  of  the  nitrate 
in  nitric  acid  is  cooled  to  —15°;  the  crystals  fuse  at  ordinary 
temperatures.     Mercuric  nitrate  has  a  great  tendency  to  form 
basic  salts :  a  solution  of  an  excess  of  mercuric  oxide  in  hot, 
moderately  strong  nitric  acid,  deposits  on  cooling  colourless  rhom- 
bic crystals  of  tetrahydric  dimercuric  dinitrate,  NjOHo^Hgo'^. 
When  this  salt,  or  any  of  the  normal  salts,  is  treated  with  cold 
water,  a   still  more   basic   salt,  dihyclric  trimercuric  dinitrate, 
N20Ho2Hgo"3,  is  formed  as  a  white  powder,  and  this,  when  boiled 
with  an  excess  of  water,  gradually  parts  with  all  its  acid  and  is 
converted  into  mercuric  oxide. 
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Mercuric  carbonate. -The  mercuric  carbonates  are  basic  compounds  of  ill-defined 
character  and  ^mcertain  composition.    They  form  brown  amorphous  powders. 

Mercuric  sulphate,  SO^Hgo^-This  salt  is  prepared  by  heating 
mercury  with  one  and  a  half  times  its  weight  of  sulphuric  acid 
until  the  excess  of  acid  is  expelled.  It  is  thus  obtained  as  a  white 
crystalline  mass  which  when  heated  turns  first  yellow  and  after- 
wards brown,  but  becomes  white  again  on  cooling..  At  a  red  heat 
it  decomposes  into  mercury,  oxygen,  and  sulphurous  anhydride. 
When  treated  with  a  small  quantity  of  water  ^it  forms  white 
crystals  of  dihydric  mercuric  srdphate,  SOHOgHgo",  but  an  excess 
of  water  decomposes  it,  especially  on  boiling,  into  free  sulphuric 
acid  and  a  yellow  insoluble  basic  salt,  trimercuric  sulphate,  SHgo"3, 
formerly  known  as  turpeth  mineral  {turpetum  minerale). 

Mercuric  orthophospAate,  Jg^g''Hgo".— This  salt  is  precipitated  as  a  heavy 

white  insoluble  powder  when  ordinary  sodic  phosphate  is  added  to  a  solution  of 
mercuric  nitrate.    Mercuric  chloride  cannot  be  substituted  for  the  nitrate. 
borates  and  silicates  of  mercury  have  not  been  prepared. 

COMPOUNDS  OF  MERCURY  WITH  SULPHUR. 

Mercurous  sulphide,  'Hg'oS",  is  precipitated  as  a  black  powder  by  pouring  a 
dilute  solution  of  mercurous  nitrate  into  a  dilute  solution  of  ammonic  sulphhydrate. 
It  may  also  be  prepared  by  treating  freshly  precipitated  calomel  with  ammonic 
sulphhydrate.  It  is  a  very  unstable  compound,  and  is  decomposed  even  by  a  gentle 
heat  into  mercury  and  mercuric  sulphide.* 

Mercuric  sulphide.  Cinnabar,  Vermilion,  HgS". — This  com- 
pound occurs  native  in  red  hexagonal  crystals,  and  also  in  granular 
masses,  as  the  mineral  cinnabar,  constituting  the  most  abundant 
ore  of  mercury.  By  triturating  mercury  with  sulphur,  the  sulphide 
is  obtained  as  a  black  amorphous  powder;  the  product  thus 
formed  is  known  in  pharmacy  as  Aethiops  mineralis.  The  same 
black  modification  is  obtained  by  precipitating  a  mercuric  salt  with 
an  excess  of  sulphuretted  hydrogen.  When  the  black  amorphous 
sulphide  is  sublimed  with  exclusion  of  air,  it  is  converted  into  the 
crystalline  variety,  which  condenses  on  a  cold  surface,  generally  as 
a  red  fibrous  mass,  but  sometimes  in  distinct  crystals  having  the 
form  of  the  native  compound.  By  digesting  with  warm  solutions 
of  alkaline  persulphides,  tlie  black  sulphide  is  also  converted  into 
the  red  sulphide.    The  finely  ground  red  sulphide  is  employed  as 


*  According  to  some  chemists  the  so-called  mercurous  sulphide  is  merely  a 
mixture  of  mercuric  sulphide  aud  mercury. 
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a  pigment  under  the  name  of  vermilion,  and  is  prepared  on  a  lar^e 
scale  m  the  wet  way  by  the  following  method:  100  parts  of 
mercury  are  thoroughly  triturated  with  38  parts  of  flowers  of  sul 
phur,  and  the  mass  is  then  digested  for  several  hours  at  a  tempera- 
ure  of  4o-o0°  with  a  solution  of  25  parts  of  caustic  potash  in 
150  parts  of  water,  renewing  the  water  as  fast  as  it  evaporates 
As  soon  as  the  vermilion  has  attained  the  proper  shade,  the  opera- 
tion IS  interrupted,  and  the  product  is  quickly  washed  with  water 
as  by  the  further  action  of  the  potash  the  colour  changes  to  brown' 
Vermilion  prepared  in  the  wet  way  has  a  finer  shade  than  that 
obtained  by  sublimation.— Mercuric  sulphide  is  insoluble  in  hydro- 
chloric, nitnc,  and  sulphuric  acids,  but  soluble  in  aqua-regia  and 
in  hydriodic  acid.    Ammonic  sulphide  does  not  dissolve  it,  but  it 
is  soluble  m  potassic  and  sodic  sulphides  in  presence  of  free  alkah. 
The  solution  in  potassic  sulphide  deposits  colourless  needles  of 
mercuric  dipotassic  sulphide,  HgKs^SOH^.  The  sodium  compound 
has  the  formula  HgNas2,80H2.    Both  compounds  are  decomposed 
by  an  excess  of  water  with  separation  of  black  sulphide.— By 
digesting  the  black  sulphide  with  a  solution  of  mercuric  chloride, 
or  by  fusing  the  dry  sulphide  with  an  excess  of  mercuric  chloride 
and  extracting  the  mass  with  water,  trimercuric  disulphodichloride 
HgCljj  „ 
HgCl^§^ 

CI— Hg— S— Hg-S— Hg— CI. 

is  obtained  as  a  white  powder  which  is  amorphous  when  prepared 
in  the  wet  way,  and  crystalline  when  prepared  in  the  dry  way. 
The  same  substance  is  formed  as  a  white  precipitate  when  sul- 
phuretted hydrogen  is  passed  into  a  solution  of  mercuric  chloride, 
but  is  converted  by  an  excess  of  sulphuretted  hydrogen  into  black 
sulphide. — Mercuric  sulphide  forms  numerous  other  double  com- 
pounds with  mercuric  salts. 


COMPOUND  OF  MERCURY  WITS  NITROGEN. 

Mercuric  nitride,  lir.2Hg"3,  is  formed  wlien  mercm-ic  oxide,  prepared  by  pre- 
cipitation and  dried  at  a  low  temperature,  is  heated  to  100°  in  a  current  of 
ammonia  : — 

SHgO    +    2N-H3    =    K-2Hg"3    +  SOHj. 
Mercui'ic     Ammonia.      Mercuric  Water, 
oxide.  nitride. 

The  product  is  treated  with  dilute  nitric  acid  to  free  it  from  any  unaltered  mercuric 
oxide.  It  forms  a  dark-brown  powder,  wliieh  explodes  with  great  violence  by  heat, 
friction,  or  contact  with  concentrated  sulphuric  acid.    By  cautiously  heating  with 
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caustic  alkalies  it  is  decomposed  without  detonation,  yielding  ammonia  and  sublimed 
mercury. 

AMMONIACAL  MURCUET  COMPOUNDS. 

These  compounds  arc  derived  from  the  ordinary  ammonium  salts  by  the  re- 
placement o£  one  or  more  atoms  of  hydrogen  in  the  latter  by  mercury.  The 
mercury  may  be  present  either  as  Hg"  or  as  'flg'^,  and  each  of  these  dyad  radicals 
may  either  replace  two  atoms  of  hydrogen  in  a  single  ammonium  molecule,  or  may 
replace  two  atoms  of  hydrogen  in  two  different  ammonium  molecules,  in  the  latter 
case  uniting  the  two  ammoniiun  groups  to  a  single  molecule.  The  free  mercury- 
ammoniums  hare  not  been  prepared. 

a.  Mercurosammoninm  Compounds. 

Mereurosammonic  chloride,  NH/Hg'oCl,  is  obtained  as  a  black  insoluble  powder 
by  the  action  of  aqueous  ammonia  on  mercurous  chloride : — 

'Hg'„C1.3       +       2NH3       =       NHo'Hg'aCl       +  NH^Cl. 
Mercurous  Ammonia.  Mercnros-  _  Ammonic 

chloride.  ammonic  chloride.  chloride. 

Gaseous  hydrochloric  acid  decomposes  it,  yielding  mercurous  chloride  and  ammonic 
chloride : — 

NH./Hg'2Cl     +      2HCI      =      "Bis\Ch      +  NH4CI. 
Mercnros-         Hydrochloric       Mercurous  Ammonic 
ammonic  chloride.        acid.  chloride.  chloride. 

When  heated  it  first  gives  off  ammonia  and  nitrogen,  and  afterwards  mercurous 
chloride  and  metallic  mercury. 

Mereurosammonic  nitrate,  NOoCN'Ha'Hg'aO).— This  compound,  known  as  Mer- 
curius  solubilis  Sahnemanni,  is  precipitated  in  the  form  of  a  black  powder  when 
aqueous  ammonia  is  added  to  a  solution  of  mercurous  nitrate.  It  is  with  difficulty 
obtained  in  a  state  of  purity,  and  is  generally  mixed  with  metallic  mercury. 

Mercurosodiammonic  dichloride,  ]^g^oiHg}'  informed  as  a  black  powder  by 
the  action  of  gaseous  ammonia  upon  mercurous  chloride.  When  heated,  or  when 
exposed  to  the  air,  it  evolves  ammonia,  leaving  mercurous  chloride. 

5.  Mercwrammonium  Compounds. 

Dimercurammonic  oxide,  ^£[g"^0- — When  mercuric  oxide  is  treated  with  con- 
centrated ammonia,  dimercurammonic  hydrate  is  obtained  as  a  pale  yellow  powder 
having  the  formula  NHg"2Ho,20H2.  By  sudden  heating  or  by  friction  it  defla- 
grates without  explosion.  When  heated  to  80°  in  a  current  of  ammonia  it  gives  off 
water,  leaving  the  pure  hydrate  NIIg'^iHo,  which  at  100°  parts  with  the  elements 
of  water,  and  is  converted  into  the  oxide.  Dimercurammonic  oxide  is  a  brown 
powder,  which  on  heating  or  by  friction  explodes  violently. 

Mercurammonic  chloride,  NH2Hg"Cl. — This  compoimd,  known  as  infusible 
white  precipitate,  is  prepared  by  precipitating  a  solution  of  mercuric  chloride  witli 
an  excess  of  ammonia :  — 

H&CI2    +    BNIIg    =    NEjng"Cl    +  NF4CI. 
Mercurous    Ammonia.    Mcr 'iiriimmonic  Ammonic 
chloride.  chloride.  chloride. 

2  R 
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At  a  temperature  below  a  red  heat  it  is  decomposed  without  fusion  yieldinc 
ammonia,  nitrogen,  and  mercurous  chloride.  Water  decomposes  it,  slowly  in  the 
cold  and  quickly  on  heating,  with  formation  of  ammonic  chloride  and  an  aquate  of 
dimercurammonio  cliloride,  NB[g".2Cl,OIl2. 

mmercurammonic  oMoride,  NHg",Cl,  is  obtained  as  a  yellow  powder  by  the 
action  ot  alcohohc  hydrochloric  acid  on  dimercurammonic  oxide  (see  above)  or  by 
treating  mercurammonic  chloride  with  water  (see  preceding  compound)  When 
heated  to  300  it  decomposes  into  metallic  mercury,  mercurous  chloride  and 
mtrogen. 

ilferc«rc,cZm»^«jome  cit^.«oWc^e,  JJgaClggV  compound,  known  fusible 

toMte  precipitate,  is  obtamed  by  adding  a  solution  of  mercuric  chloride  to  a  boiling 
solution  of  ammonic  chloride  and  ammonia  as  long  as  the  precipitate  which  is  at 
first  foi-med  continues  to  dissolve.  The  liquid  on  cooHng  deposits  colourless  regular 
dodecahedra,  which  fuse  when  heated  and  then  decomp9se,  yielding  nitrogen, 
ammonia,  mercurous  and  mercuric  chlorides,  and  ammonic  chloride. 

Sydroxtjdimercnrammonic  iodide,  NHHg"(Hg"Ho)I,  is  formed  by  the  action  of 
an  excess  of  aqueous  ammonia  upon  mercuric  iodide  :  

4NH3    +    2Hg'l2    +    OH2    =    NHHg"(Fg"Ho)I    +  3NH:4l. 
Ammonia.     Mercuric      Water.        Hydroxydimercur-  Ammonic 
iodide.  ammonic  iodide.  iodide. 

It  is  most  readily  obtained  by  adding  ammonia  to  a  solution  of  mercuric  potassic 
iodide  containing  an  excess  of  potassic  hydrate.  This  Uquid,  which  is  known  as 
Nessler's  solution,  is  employed  in  testing  for  minute  traces  of  ammonia.  When  the 
quantity  of  ammonia  is  too  smaU  to  yield  with  this  reagent  a  precipitate  of  hydroxy- 
dimercurammonic  iodide,  it  manifests  its  presence  by  a  yellow  coloration.  Hydi-oxy- 
dimercurammonic  iodide  is  a  reddish-brown  powder,  which  fuses  when  heated,  and 
at  a  higher  temperatui-e  decomposes  with  a  violent  explosion. 

Characteristic  Properties  and  Eeactions  op  the  Com- 
pounds OF  Mercury.— The  normal  salts  of  mercury  with  colour- 
less acids  are  colourless ;  some  of  the  basic  salts  are  yellow.  The 
soluble  salts  have  an  acid  metallic  taste  and  act  as  irritant  poisons. 
If  a  strip  of  copper  be  introduced  into  a  solution  of  any  mercury 
compound,  metallic  mercury  is  deposited  on  the  copper.  All  com- 
pounds of  mercury,  when  heated  in  a  test-tube  with  dry  sodic 
carbonate,  yield  a  grey  sublimate  consisting  of  minute  globules  of 
mercury. 

a.  Mercurous  salts,  when  in  solution,  yield  with  caustic  alkalies 
black  mercurous  oxide.  Amvionia  precipitates  black  mercuros- 
ammonium  compounds  (p.  609).  Sulphuretted  hydrogen  and  am- 
monic sulphide  precipitate  black  mercurous  sulphide,  insoluble  n  ' 
nitric  acid,  soluble  in  aqua-regia.  Hydrochloric  acid  precipitates 
white  mercurous  chloride,  and  potassic  iodide  gi'een  mercurous 
iodide.  Stannotis  chloride  precipitates  mercurous  chloride,  which 
is  converted  by  an  excess  of  the  stannous  chloride  into  gi'ey 
metallic  mercury. 


COPPER. 


611 


b.  MermHc  salts  give  with  solutions  of  caustic  alkalies  a  yellow 
precipitate  of  mercuric  oxide.  Ammonia  precipitates  a  white 
mercurammonium  compound  (p.  609).  Sulphuretted  -hydrogen 
gives  a  white  precipitate  which  passes  through  red  to  black,  and 
then  consists  of  mercuric  sulphide ;  this  precipitate  is  insoluble  in 
nitric  and  in  hydrochloric  acid,  soluble  in  aqua-regia.  Fotassic 
iodide  precipitates  salmon-red  mercuric  iodide,  soluble  both  m 
mercuric  chloride  and  in  potassic  iodide.  Stannous  chloride  preci- 
pitates mercurous  chloride,  which  is  then  converted  into  metallic 
mercury. 

The  mercury  compounds  give  no  flame-coloration.  The  spark 
spectrimi  displays  bright  lines  in  the  green  and  blue. 

COPPER,  Cu. 

Atomic  weight  =  63-2.  Probable  molecular  weight  =  63-2.  Sp.  gr. 
8-9.  Fuses  at  1330°.  Atomicity  ",  also  a  pseudo-monad. 
Evidence  of  atomicity : — 

Cupric  chloride   Cu"Cl2. 

Cupric  oxide   C"il"(.). 

Cuprous  chloride   'Cu'2Cl2. 

Cuprous  oxide    'Cu'gO. 

History. — Copper  has  been  known  from  prehistoric  times. 
Owins  to  its  occurring  in  the  native  state  it  formed  the  material 
for  tools  and  weapons  in  early  ages  when  the  metallurgical  pro- 
cesses necessary  for  the  extraction  of  iron  from  its  ores  were 
unknown. 

Occurrence. — ^Native  copper  occurs  in  various  localities,  particu- 
larly in  the  neighbourhood  of  Lake  Superior,  where  it  is  sometimes 
found  in  enormous  masses.  In  the  Minnesota  Mine  in  1857,  a 
mass  of  copper  weighing  420  tons  was  found.  In  combination  it 
occurs  as  cuprous  oxide,  'Cll'20,  in  red  copper-  ore  or  ruby-ore ; 
much  more  rarely  as  cupric  oxide,  CuO,  in  tenorite.  It  also  occurs 
as  cuprous  sulphide,  'Cu'2S",  in  copper  glance ;  as  cupric  sulphide, 
CuS",  in  indigo  copper;  as  a  double  sulphide  of  copper  and  iron, 

{FeS" 
FeS"^'^^'^^"^)"'     copper  pyrites ; 

as  basic  carbonates  in  malachite,  CO(OCu"IIo)2,  and  aziLrite, 
r  CHoCuo" 

<  Cuo"       .    It  also  occurs  in  minute  quantity  in  sea  weed  and 
LCHoCuo" 

2  E  2 
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as  a  necessary  constituent  of  the  blue  blood  of  various  marine 
animals,  such  as  the  cuttle-fish.  In  this  blue  blood  the  copper  is 
present  in  the  form  of  Immocyanin,  a  complex  organic  compound 
M'hich  acts  as  a  carrier  of  oxygen  and  thus  exercises  the  same 
functions  which  hfemoglobin,  an  organic  substance  containing  iron 
exercises  in  the  red  blood  of  the  higher  animals.  In  the  arterial 
blood  the  hajmocyanin  is  blue,  in  the  venous  blood  it  becomes 
colourless,  a  change  identical  with  that  which  occurs  when  a  copper 
salt  passes  from  the  higher  or  cupric  to  the  lower  or  cuprous  state 
of  oxidation. 

Extraction.— process  of  copper-smelting,  by  which  copper  is 
obtained  from  its  ores,  varies  with  the  nature  of  these  ores :  thus 
the  oxides  or  carbonates  may  be  reduced  directly  by  heating  with 
charcoal,  but  in  the  case  of  the  sulphides  the  ore  must  be  first 
roasted  in  order  to  convert  the  sulphur  into  sulphurous  anhydride. 
The  process  employed  in  England  is  as  follows :— The  mixed  ore, 
which  consists  of  copper  pp-ites  and  cupric  carbonates,  together 
with  iron  pyrites  and  siliceous  impuriries,  and  which  ought  to 
contain  about  13  per  cent,  of  copper,  is  first  calcined  on  the  bed  of 
a  reverberatory  furnace.    Air  is  admitted  through  air-holes  and 
plays,  along  with  the  flame  of  the  furnace,  upon  the  surface  of  the 
ore,  which  is  turned  over  from  tune  to  time  by  means  of  long  rakes 
introduced  through  doors  opening  on  the  bed.    In  this  way  the 
sulphides  of  iron  and  copper  are  partially  converted  into  oxides. 
The  next  process  consists  in  the  fusion  of  the  calcined  ore  with 
metal  slag,  a  siliceous  slag  obtained  in  a  subsequent;  operation,  to 
which  fluorspar  is  also  frequently  added  in  order  to  increase  its 
fusibility.    The  fusion  is  performed  on  the  bed  of  a  reverberatory 
furnace,  the  so-called  ore-furnace,  the  temperature  of  which  is 
much  higher  than  that  of  the  calcining  furnace.    The  oxides  of 
copper  which  are  present  react  with  the  unaltered  sulphide  of  iron, 
yielding  oxide  of  iron,  which  is  talcen  up  by  the  slag,  and  cuprous 
sulphide,  which  combines  with  the  excess  of  ferrous  sulphide"  to 
form  the  so-called  coarse  metal,  the  latter  collecting  under  the  sing 
in  a  depressed  basin  on  the  hearth  of  the  furnace,  whence  it  cau  be 
drawn  off  through  a  tap-hole.    The  coarse  metal  has  very  much 
the  composition  of  ordinary  copper  pyrites.    The  slag,  which  con- 
tains all  the  siliceous  matters  from  the  ores  together  with  a  great 
portion  of  the  iron,  and  is  almost  free  from  copper,  is  known  as 
ore-furnace  slag.    The  coarse  metal  is  next  powdered  and  calcined, 
by  which  means  a  partial  oxidation  is  again  effected,  and  the  mass 
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is  then  fused  along  with  the  refinery  slag  from  the  final  process. 
The  decomposition  which  takes  place  is  the  same  as  that  whicli 
occurs  in  the  fusion  of  the  calcined  ore,  except  that  m  the  present 
case  practically  the  whole  of  the  iron  is  oxidised  and  passes  into  the 
slacr  whilst  the  copper  collects  at  the  bottom  of  the  furnace  m  the 
form  of  cuprous  sulphide,  'Cu'^S",  known  as./?7ie  vutal  (also  white 
metal).  The  slag,  which  is  termed  metal  slag,  contains  about  3  pei' 
cent,  of  copper,  and  is  employed  as  above  described  in  the  fusion  of 
the  calcined  ore.  The  fine  metal  is  then  roasted  in  a  reverberatory 
lurnace.  A  portion  of  the  cuprous  sulphide  is  thus  oxidised  to 
cuprous  oxide,  which  then  reacts  with  another  portion  of  cuprous 
sulpliide  yielding  metallic  copper : — 

2'Cu'20    +    'Cu'^S"    =    6Cu    +  SO2. 

Cuprous  Cuprous  Sulphurous 

oxide.  sulphide.  anhydride. 

The  copper  thus  obtained  is  covered  with  black  blisters,  and  is 
therefore  known  as  blister  copper.  It  contains  small  quantities  of 
iron,  arsenic,  lead,  and  other  metals.  It  is  refined  by  fusion  on  the 
bed  of  a  furnace  in  a  current  of  air.  In  this  way  the  foreign 
metals  are  oxidised  and  combine  with  the  siliceous  materials  of 
which  the  bed  of  the  furnace  is  composed,  to  form  a  slag,  which  is 
skimmed  off.  This  slag,  which  is  very  rich  in  copper,  is  known  as 
refinery  slag,  and  is  employed  as  above  described.  The  refined 
copper  is  known  as  dry  copfer.  It  contains  a  certain  quantity  of 
cuprous  oxide,  which  would  render  it  brittle  when  cold.  It  is 
therefore  subjected  to  a  process  of  toughening.  For  this  purpose 
the  surface  of  the  fused  metal,  after  the  removal  of  the  slag,  is 
covered  with  a  layer  of  powdered  anthracite  (charcoal  was  formerly 
used)  and  a  pole  of  green  birch  or  oak  is  thrust  into  it.  The 
reducing  gases,  evolved  by  the  destructive  distillation  of  the  wood 
in  contact  with  the  hot  metal,  effect  the  conversion  of  the  cuprous 
oxide  into  copper,  and  this  reduction  is  further  facilitated  by  the 
violent  agitation  of  the  entire  mass  caused  by  the  escaping  gases, 
the  particles  of  carbon  being  thus  carried  down  under  the  surface 
and  brought  in  contact  with  every  part  of  the  metal.  This  process 
is  known  as  poling.  After  continuing  this  treatment  for  twenty 
minutes  the  pole  is  withdrawn,  aud  a  sample  of  the  metal  is 
removed  and  cast  iir  an  ingot  mould;  the  bar  of  copper  is  cut 
half  through  and  then  broken  by  bending  in  a  vice :  an  examiua- 
tion  of  the  fracture  enables  the  refiner  to  say  whether  the  required 
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deoTee  of  toughness  has  been  attained.  If  this  point  has  been  passed 
the  metal  IS  over-poled  less  tenacious;  it  may  be  toughened 
again  by  fusion  for  a  short  time  in  contact  with  air.  The  nature 
of  the  change  which  occurs  in  over-poling  is  not  perfectly  under- 
stood:  by  some  chemists  the  loss  of  tenacity  is  attributed  to  a  too 
complete  reduction  of  the  cuprous  oxide,  others  believe  that  forei^m 
oxKles  are  reduced  at  the  close  of  the  operation,  and  that  the 
metals  from  these  become  aUoyed  with  the  copper 

Large  quantities  of  copper  are  now  obtained  by  extraction  in 
the  wet  way.  The  quantity  of  iron  pyrites  burnt  in  the  sulphuric 
acid  works  of  this  country  amounts  to  500,000  tons  per  annum 
and  this  substance  contains  on  an  average  3  per  cent,  of  copper 
the  whole  of  which  remains  in  the  burnt  pyiites.  It  would  be 
impossible  by  the  ordinary  processes  of  copper-smelting  to  extract 
this  small  quantity,  but  it  has  been  found  that  by  roastino-  the 
burnt  pyrites  with  from  12  to  15  per  cent,  of  common  salt  and 
lixiviating  the  mass  with  water,  the  whole  of  the  copper  is  obtained 
m  solution  m  the  form  of  cupric  chloride,  and  may  be  precipitated 
as  metallic  copper  by  scrap  iron. 

Commercial  copper  generally  contains  traces  of  various  other 
metals,  especially  silver,  arsenic,  and  iron.  Pure  copper  is  best 
obtained  by  heating  the  pure  oxide  in  a  current  of  hydrogen,  or  by 
electrolysing  a  solution  of  pure  cupric  sulphate. 

Proiwrties.—Go^^Qj:  is  a  lustrous  metal  with  a  peculiar  red 
colour.    This  colour  can  be  seen  in  its  fuH  intensity  only  when  the 
light,  before  reaching  the  eye,  has  been  reflected  several  times  from 
the  surface  of  the  metal  (p.  440).    Copper  crystallises  in  cubes 
or  octahedra.    It  is  one  of  the  most  tenacious  of  metals,  and  is 
very  malleable  and  ductile:  it  maybe  beaten  into  thin  leaf,  or 
drawn  into  fine  wire.    Very  thin  copper  leaf  transmits  a  greenish- 
blue  light.     In  dry  air  copper  tarnishes  only  very  slightly  at 
ordinary  temperatures,  but  in  contact  with  water  or  in  moist  air  it 
becomes  coated  with  basic  carbonate.    When  heated  in  air  or  in 
oxygen  it  is  converted  superficially  into  black  oxide,  which  may  be 
readily  detached  in  scales.     Copper  is  quite  insoluble  in  dilute 
hydrochloric  or  sulphuric  acid  as  long  as  air  is  excluded;  but 
with  admission  of  air,  or  in  contact  with  some  more  electro-negative 
metal  such  as  platinum,  it  gradually  dissolves.    Finely  divided 
copper  slowly  dissolves  in  boiling  hydrochloric  acid  with  evolution 
ol  hydrogen.    Concentrated  sulphuric  acid  is  without  action  upon 
It  at  ordinary  temperatures ;  but  with  the  hot  concentrated  acid 
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cupric  sulphate  is  formed  and  sulphurous  anhydride  evolved 
fp  280)  Dilute  nitric  acid  attacks  it  violently,  even  m  the  coW, 
with  formation  of  cupric  nitrate  and  evolution  of  nitric  oxide 
(p  936^  Ammonia  dissolves  the  metal  slowly  m  presence  ot  air. 
Iron  zinc,  phosphorus,  and  many  other  readily  oxidisable  sub- 
stances precipitate  copper  in  the  metallic  state  from  the  solutions 
of  its  salts. 

C/-scs_Copper  is  employed  for  a  great  variety  of  purposes  m 
the  arts,  and  is  especially  valuable  where  great  flexibility  combined 
with  tenacity  is  required.    It  is  used  for  bell-wire  and  for  the 
fire  boxes  of  locomotive  boilers,  its  high  conductivity  for  heat 
peculiarly  fitting  it  for  the  latter  purpose.    The  electric  conduc- 
tivity of  copper  is  higher  than  that  of  any  other  known  metal, 
with  the  exception  of  silver ;  hence  copper  wire  is  extensively 
employed  for  electrical  purposes,  as  in  the  construction  of  induc- 
tion coils,  dynamo-electric  machines,  electric-light  leads,  and  sub- 
marine telegraphs.     Owing  to  its  property  of  being  readily 
deposited  in  a  coherent  metallic  form  from  the  solutions  of  its 
salts  by  electrolysis,  copper  is  much  used  in  the  process  of  electro- 
typing,  by  means  of  which  statues,  bas-reliefs,  and  other  works  of 
art  are  reproduced.    Copper  is,  however,  chiefly  employed  along 
with  other  metals  in  the  form  of  alloys. 

Alloys  of  copper.— The  most  important  alloys  of  copper  are 
those  which  it  forms  with  zinc  and  with  tin.  The  following  is  the 
composition  of  the  principal  zinc  alloys  of  copper : — • 

Parts  of  copper.     Parts  of  zinc. 

Brass  (English)   2  1 

Tombac   5  1 

Muntz  metal   3  2 

These  alloys  are  all  harder  than  copper.  Brass  is  readily 
worked  and  does  not  clog  the  file  like  copper.  Tombac  is  very 
ductile  and  malleable.  Dutch  meted  is  tombac  beaten  out  into 
leaves  s^v-oo  of  an  inch  in  thickness.  Muntz  metal  is  employed  in 
the  sheathing  of  ships,  for  which  purpose  it  is  rolled  while  hot  into 
sheets.  The  colour  of  these  alloys  is  lighter,  the  greater  the 
proportion  of  zinc. 

The  following  list  contains  the  names  and  composition  of  tb 
principal  alloys  of  copper  with  tin : — 
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O        ,  ,  ,  Parts  of  copper.     Parts  of  tin, 

bpeculum  metal   2  i 

Bell  metal   4     g  ^ 

Gun  metal   g  ^ 

Speculum  metal  has  a  steel-grey  colour  and  takes  a  hioh 
polish.    The  quahty  of  this  alloy  is  said  to  be  improved  by  h 
addition  of  a  small  quantity  of  arsenic,  but  this  was  denied  by  th 
late  Lord  Eosse.    Bell  metal  has  a  yeUowish-grey  colour  and  i 
very  hard  and  sonorous.    Gun  metal  is  yeUow  and  slighth- 
malleable.    All  these  alloys  are  brittle  when  cooled  slowly  but 
acquire  a  certain  degTee  of  malleability  when  heated  and  then 
suddenly  cooled  by  plunging  into  water. 

Bronze  is  a  copper-tin  alloy  of  approximately  the  composition 
of  gun  metal,  but  with  the  addition  of  2  or  3  per  cent,  of  zinc 
IJiospJm'-bronze  is  a  valuable  alloy  obtained  by  fusing  copper  with 
phosphide  of  tin.    It  is  exceedingly  hard,  tenacious,  and  elastic. 

COMmUNB  OF  COPPER  WITS  STDROQEN. 

Cuprous  hydride,  'Cu',H„  is  formed  by  the  reducing  action  of  a  solution  of 
hypophosphorous  acid  upon  cupric  sulphate.  When  the  mixed  solutions  are  heated 
oa  temperature  not  higher  than  70°,  the  liquid  assumes  a  green  colour  and  the 
hydride  separates  in  the  form  of  a  yellow  precipitate  .,-hich  becomes  brown  on 
standing  The  liquid  must  be  quickly  cooled  and  the  precipitate  filtered  oif 
Cuprous  hydride  is  a  vei^  unstable  compound,  and  is  decomposed  at  60° into  hydrogen 
and  metallic  copper.  It  inflames  spontaneously  in  chlorine.  Hydrochloric  acid 
dissolves  it  with  evolution  of  hydrogen  and  formation  of  cuprous  chloride. 

COMPOUNDS  OF  COPPER  WITH  THE  HALOGENS. 

a.  Cuprous  Compounds. 

Citprous  chloride,  'C\Ji\Q\.— Molecular  weight  =  197-4.  Molecv.- 
lar  volume  [JJ — When  finely  divided  copper  or  thin  copper  leaf 
is  introduced  into  chlorine  the  metal  ignites  spontaneously,  burn- 
ing with  a  red  light  and  yielding  a  mixture  of  cuprous  and  cupric 
chlorides.    When  copper  is  heated  in  a  current  of  gaseous  hydro- 
chloric acid,  cuprous  chloride  is  formed  and  condenses  in  the 
colder  parts  of  the  tube.    Cuprous  chloride  is  further  obtained  by 
dissolving  cuprous  oxide  in  hydrochloric  acid,  or  by  reducing  a 
solution  of  cupric  chloride  with  stannous  chloride.    It  may  be 
readily  prepared  by  boiling  a  solution  of  cupric  chloride  in  hydro- 
chloric acid  with  copper  filings,  with  the  addition  of  a  few  drops 
of  a  solution  of  platinic  chloride,  the  precipitated  platinum  serving 
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to  establish  a  voltaic  action  with  the  copper.  On  pourmg  the 
filtered  solution  into  water  from  which  the  air  has  been  expeiiea 
by  boiling,  the  cuprous  chloride  separates  as  a  white  crystalline 
powder  consisting  of  microscopic  tetrahedra.  Cuprous  chloride 
mav  also  be  obtained  by  slowly  adding  an  intimate  mixture  of 
2  parts  of  cupric  oxide  with  1  part  of  zinc  dust  to  concentrated 
hydrochloric  acid  until  the  liquid  is  saturated,  and  pouring  the 
solution  into  water  as  above.— Cuprous  cUoride  may  be  obtained 
in  distinct  regular  tetrahedra  by  crystallisation  from  a  solution  m 
hot  concentrated  hydrochloric  acid.  On  exposure  to  air  it  absorbs 
oxygen  and  water,  forming  a  cupric  oxychloride.  Exposure  to 
sunlight  with  exclusion  of  air  turns  it  violet  if  moist,  but  if  dry 
it  only  acquires  a  faint  yellow  tinge.  When  heated  it  fuses,  and 
on  cooling  solidifies  to  a  crystalline  mass ;  at  a  higher  temperature 
it  may  be  volatilised  without  decomposition.  It  is  insoluble  in 
water,  but  soluble  in  concentrated  hydrochloric  acid,  in  aqueous 
ammonia,  and  in  sodic  thiosulphate,  yielding  colourless  solutions 
which  possess  the  property  of  absorbing  various  gaseous  hydro- 
carbons of  the  acetylene  series  (see  Organic  Chemistry),  and  also 
carbonic  oxide,  to  form  compounds.  Thus  with  acetylene,  '"C'^'Rr^, 
it  forms  a  dark-red  powder  which  explodes  on  heating,  and  is 


C'^'Cu'^H 


'believed  to  possess  the  composition  ^   0  ^  ^    ,     •    When  a  solu- 


C'^'Cu'^H 


tion  of  cuprous  chloride  in  hydrochloric  acid  is  saturated  with 
carbonic  oxide,  it  deposits  nacreous  scales  of  a  compound  probably 
of  the  formula  C0(CuCl)2,2OH2.  This  compound  is  very  unstable, 
readily  evolving  carbonic  oxide,  so  that"  its  composition  has  not 
been  determined  with  certainty.  The  solution  of  cuprous  chloride 
in  ammonia  deposits  colourless  rhombic  dodecahedra  of  cupros- 

fNHgCl 

ammonic  chloride,  <  'Cu'2     .    The  same  compound  is  obtained  by 
LNH3CI 

heating  copper  turnings  with  a  concentrated  solution  of  ammonic 
chloride.  The  crystals  undergo  partial  decomposition  on  exposure 
to  the  air.  On  heating  they  evolve  ammonia. — Cuprous  chloride 
is  also  soluble  in  concentrated  solutions  of  the  alkaline  chlorides, 
forming  double  compounds.  The  potassium  compound  crystallises 
in  octahedra  of  the  formula  'Cu'2Cl2,4KCl. 


Cuprous  bromide,  'Cu'nBr-j,  is  prepared  like  the  cliloride,  whicli  it  closely 
resembles. 
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Cuprous  iodide,  'Cu'„I„,  is  preoipitatod  when  potassic  iodide  is  added  n  «  i 
of  cupric  sulpliate,  half  the  iodine  being  Uberated :- 

2SO,Cuo''    +    4X1    =    'Cu',I,    +    2SO,Ko,    +  I,, 
sulphate.         iodide.        iodide.  sulphate. 


as 


2SO2CU0"    +    2S02Peo"    +    2KI    =  'Cu'^T 

sSXt  ^fT"""'         ^^^'^^^i"  Cuprous 

sulphate.  sulphate.         iodide.  iodide. 

SOo  , 

+    |02-('F^"'20,)v  +  sO^Koa. 

Perric  sulphate.  Potassic 
sulphate. 

Cuprous  iodide  is  a  greyish-white  crystalline  powder,  insoluble  in  water  and  in 
dilute  acids.    It  fuses  at  a  red  heat.    It  is  the  only  known  iodide  of  copper. 

Cuprous  fluoride,  'Cu'^F^,  is  prepared  by  treating  cuprous  hydrate  with  hydro- 
fluoric acid.  It  forms  a  red  fusible  powder,  insoluble  in  water,  soluble  in  hydro- 
ohlonc  acid.  •' 

h.  Cupric  Compounds. 

Cupric  diloride,  C\x.G\,  is  prepared  by  dissolving  copper  in 
aqua-regia,  or  cupric  oxide  or  carbonate  in  hydrochloric  acid,  and 
evaporating  the  solution.  It  crystallises  from  water  in  green 
rhombic  prisms  with  2  aq. ;  these,  when  heated,  part  with  their 
water  of  crystallisation  without  losing  hydrochloric  acid,  and  yield 
the  anhydrous  compound.  The  concentrated  aqueous  solution  is 
green,  the  dilute  solution  is  blue.  Cupric  chloride  is  also  soluble 
in  alcohol.  At  a  red  h^at  it  evolves  chlorine  and  is  converted 
into  cuprous  chloride. — Anhydrous  cupric  chloride  absorbs  gaseous 
ammonia,  and  is  converted  into  a  blue  powder  having  the  composi- 
tion CuCl2,6NH3.  An  aqueous  solution  of  the  chloride,  when 
saturated  with  ammonia,  deposits  dark-blue  octahedra  of  a  com- 
pound, CuCl2,4J>iH3,OH2.   Both  these  compounds  when  heated  to 

150°  are  converted  into  cuprammonic  chloride,  -i  Cu"      ,  which 

LNH3CI 

forms  a  green  powder. — Double  compounds  with  the  chlorides  of 
potassium  and  ammonium,  CuCl2,2KCl,20H2,  and 

CuCl2,2NH4Cl,20H2, 

are  obtained  by  allowing  mixed  solutions  of  the  chlorides  to 
crystallise. — When  a  solution  of  cupric  chloride  is  digested  with 
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ciipric  hydrate,  cnpric  oxycMorides  of  varying  composition  are 
obtained.  A  compound  of  this  class  having  the  formula 
CuCl 

0     ,0H2  occurs  native  in  Chili  as  the  mineral  atacamUe,  a 

.  CuHo  ^.      .  , 

green  sand  consisting  of  minute  rhombic  prisms.  The  pig;ment, 
'Brunswick  green,  is  a  cupric  oxychloride  prepared  by  exposmg  to 
the  air  copper  foH  moistened  with  hydrochloric  acid  or  ammonic 
cliloride. 

Cupric  bromide,  CuBr,,  is  prepared  like  the  chloride.  It  forms  dark-coloured 
crystals. 

Cupric  iodide  is  unknown. 

Cupric  fluoride,  CuF^,  is  prepared  by  treating  the  oxide  with  aqueous  hydro- 
fluoric acid.    It  crystallises  from  water  in  small  blue  crystals  with  2  aq. 

COMPOUNDS  OF  COPPER  WITH  OXYGEN  AND 

EYDBOXYL. 


Cuprous  quadrantoxide 


r^^"",  Cu— Cu 

Cu 


0  1  >0 

Cu- 


I  Cu— Cu^ 


Cu 


Cuprous  oxide    "j^Cu*^  (\ 

Cupric  oxide    CuO  Cu=0 

rCuHo 

J  Cu 
1  Cu 

Cuprous  hydrate   4'Cu'20,OH2,   or    |  qijO 

J  Cu^ 
\CuHo  . 

0— Cu— Cu— 0— Cu— Cu— 0— Cu— Cu— 0— Cu— Cu— 0 

H     ■  H 

Cupric  hydrate   CuHoj      ^^^q  jj 

Cuprous  quadrantoxide,  CU4O,  is  obtained  in  a  hydrated  condition  as  a  Tery 
unstable  green  powder  by  adding  a  solution  of  cupric  sulphate  to  a  dilute  solution 
of  stannous  chloride  in  caustic  potash. 

Cuprous  oxide,  'Cu'gO,  occurs  native  as  red  copper-ore,  forming 
red  octahedra  belonging  to  the  regular  system,  but  is  more  fre- 
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cupric  sulphate  redissolves  on  the  addition  of  -rape  sucrar  v\^h^Z 

tL     1    f  precipitate  consisting  of  minute  octahedrT 

The  reduction  is  effected  at  the  expense  of  the  -rape  smTXol 
^.dergoes  oxidation.    Thus  prepared,  cuprous  c^run"  o 

when  LI^T-  temperaturCbu 
^hen  heated  m  airis  converted  into  cupric  oxide.    With  excision 
of  air  It  may  be  fused  at  a  red  heat.    It  is  insoluble  in  water,  but 
soluble  m  aqueous  ammonia,  yielding  a  colourless  liquid,  which 
lapidly  absorbs  oxygen  from  the  air  and  becomes  blue.  Hydro- 
chloric acid  converts  it  into  colourless  cuprous  chloride,  soluble  in 
an  excess  of  the  acid.    With  most  of  the  oxy-acids  it  does  not 
yield  cuprous  salts  :  in  some  cases  one-half  of  the  copper  present 
m  the  oxide  dissolves  to  form  a  cupric  salt,  the  other  half  remain- 
ing behind  as  metallic  copper;  in  other  cases  the  whole  of  the 
oxide  dissolves,  yielding  a  cupric  salt,  the  cuprous  oxide  undercroina 
oxidation  at  the  expense  of  a  portion  of  the  acid.    Thus  with 
dilute  sulphuric  acid  the  reaction  takes  place  according  to  the  first 
of  these  modes : — 

'Cu'^O    +    SO^Ho,    =    SO^Cuo"    +    Cu    +  OH,. 

Ciip.-ous  Sulphuric  Cupric  Water 

oxide.  acid.  sulphate. 

With  hot  concentrated  sulphuric  acid,  on  the  other  hand,  the 
second  reaction  occurs : — 

'Cu'^O    +    SSO.Ko,    =    2SO2CU0"    +    SO,    +  30H.. 

Cuprous  Sulpliuric  Cupric  Sulphurous  Water" 

^'^ide-  acid.  sulphate.  anhjdi-ide. 

Nitric  acid  dissolves  the  whole  as  cupric  nitrate  with  evolution  of 
nitric  oxide. 

Cupric  oxide,  CuO. — This  oxide  occurs  sparingly  in  nature  as 
the  mineral  tcnorite.  It  is  obtained  by  igniting  metallic  copper  in 
air,  or  by  igniting  cupric  nitrate.    It  forms  black  scales  or  powder, 
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according  to  the  mode  of  preparation.  When  strongly  ignited  it 
cakes  together,  and  at  a  white  heat  fuses,  parting  with  a  portion  of 
its  oxygen  and  being  converted  into  an  oxide  of  the  formula 
CU5O3.  When  heated  to  redness  with  carbon,  or  in  a  current  of 
carbonic  oxide  or  hydrogen,  it  is  reduced  to  the  metallic  state.  In 
a  similar  mariner,  when  organic  substances  containing  carbon  and 
hydrogen  are  heated  with  it,  these  two  constituents  are  oxidised  to 
carbonic  anliydride  and  water,  for  wliich  reason  it  is  employed  in 
the  ultimate  analysis  of  organic  compounds.  It  is  also  used  to 
impart  a  green  colour  to  glass.  It  dissolves  in  acids,  yielding  the 
cupric  salts. 

Cuprous  hydrate,  4'Cu'20,OIIo,  is  obtained  as  a  bright  yellow  precipitate  when  a 
solution  of  cuprous  chloride  in  hydrochloric  acid  is  poured  into  an  excess  of  cold 
caustic  alkali.  It  retains  its  water  of  hydration  at  100°,  but  parts  with  it  completely 
at  360°.  It  is  soluble  in  ammonia  and  hydrochloric  acid,  yielding  the  same  com- 
pounds as  cuprous  oxide.  When  exposed  to  the  air  it  undergoes  oxidation  and 
becomes  blue. 

Cupric  hydrate,  CuHog,  is  obtained  as  a  pale  blue  bulky 
precipitate  when  an  excess  of  caustic  potash  or  soda  is  added  to 
the  solution  of  a  cupric  salt  in  the  cold.  It  is  insoluble  in  excess 
of  the  precipitant  except  in  presence  of  certain  organic  substances, 
such  as  sugar  and  tartaric  acid.  When  the  precipitate  is  heated 
with  the  alkaline  liquid  it  blackens,  and  is  partially  converted 
into  cupric  oxide ;  but  after  washing  and  drying  at  ordinary  tem- 
peratures it  may  be  heated  to  100°  without  giving  off  water. 
Cuprous  hydrate  is  soluble  in  aqueous  ammonia,  yielding  a  blue 
solution,  which  possesses  the  remarkable  property  of  dissolving 
cellulose  in  its  various  forms — cotton,  linen,  paper,  &c.  The  cellu- 
lose is  precipitated  in  the  amorphous  state  by  acids,  salt,  sugar, 
and  various  other  substances. 


OXY-SALTS  OF  COPPER 

Cupric  nitrate,  ^q2Cuo",30H2.— The  solution  of  copper 

or  cupric  oxide  in  nitric  acid  yields  on  evaporation  blue  pris- 
matic crystals  of  the  above  composition.  These  are  deliquescent 
and  soluble  in  alcohol.  The  anhydrous  salt  has  not  been  pre- 
pared, as  the  aquate,  when  heated  to  about  65°  parts  with  nitric 
acid  and  water,  yielding  a  green  basic  salt  of  the  formula 
NOHo(OCuHo)2.  Owing  to  the  readiness  with  which  cupric 
nitrate  is  decomposed  with  liberation  of  nitric  acid,  this  salt 
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possesses  oxidising  properties.    Moist  crystals  of  the  nitraf. 
wrapped  up  m  tinfoil,  act  violently  upon  it,  oxidising  it  to  stan,  i 
oxide,  frequently  with  emission  of  sparks.    On  evapUin.  mCd 
solutions  of  cupric  nitrate  and  ammonic  nitrate  over  a  flame  when 
IZ  7  i«  attained  the  whole  liquid  suddenly 

deflagrates  like  loose  gunpowder,  evolving  a  dense  brown  clou 
of  finely  divided  cupric  oxide.    Cupric  nitrate  is  employed 
dyeing  and  calico-printing  in  some  cases  in  which  an  oxidisin.^ 
agent  is  required  to  produce  the  colour  on  the  fibre.-A  conceu! 
trated  solution  of  cupric  nitrate  in  ammonia  deposits  dark  blue 
rhombic  crystals  of  a  compound— 


NO2P  „ 


'4NH  -  NOHo(NH,)(NH30p  A' 
'^"^"-^  -  NOHo(Nh5(NH30^''  ) 


Cupric  caebonates.— The  normal  carbonate  is  unknown. 
Various  basic  carbonates  occur  in  nature.    Mijsorin  is  dicupric 

TZ^'r^nl'J^.^''''"''  ^^^^""'^''^^  dicupric  carbonate  dihydrate. 
UU(UCu  Ho)^.  It  forms  monocHnic  crystals  of  a  brilliant  green 
colour,  more  frequently  botryoidal  masses,  with  a  structure  which 
is  generally  fibrous.  The  massive  variety  takes  a  high  polish,  and  is 
employed  for  ornamental  purposes.  The  same  compound  is  formed 
as  a  green  rust  by  the  joint  action  of  water  and  air  upon  copper, 
and  is  then  known  as  verdigris.    Blue  malachite  or  azttrite  is  a 

r  CHoCuo" 

dihydric  tricupric  dicarbonateJ  Cuo"       .    It  occurs  in  dark- 

LCHoCuo" 

blue  monocHnic  crystals. 

CUPEIC  SULPHATE  (Dihydric  cupric  sidphate),  SOIIo2Cuo",40Ho. 
—This  salt,  also  known  as  blue  vitriol,  is  obtained  on  a  large  scale 
by  roasting  copper  pyrites  and  lixiviating  the  mass  with  water. 
The  iron  chiefly  remains  behind  as  oxide,  wliilst  the  cupric  sid- 
phate dissolves,  and  on  evaporation  is  deposited  in  crystals  of  the 
above  formula.  The  first  crystallisation  is  relatively  pure  ;  the 
crystals  from  the  mother  liquor  contain  iron  (as  ferrous  sulphate), 
from  which  they  can  best  be  freed  by  recrystaUisation  with  the 
addition  of  nitric  acid.  Ferrous  sulphate  is  capable  of  crystal- 
lising with  cupric  sulphate  in  varying  proportions  (see  below\  and 
the  two  substances  cannot  be  completely  separated  by  crystallisa- 
tion. The  addition  of  nitric  acid  converts  the  ferrous  sulphate 
into  a  ferric  salt,  which  does  not  possess  this  property. — Cupiic 
sulphate  is  thus  obtained  in  large  blue  triclinic  crystals,  soluble  ih 
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2i  parts  of  water  at  ordinary  temperatures,  in  ^  part  at  100°.  The 
crystals  effloresce  in  dry  air,  and  part  with  the  four  molecules  of 
water  of  crystallisation  at  100°,  leaving  the  salt  SOHOaCuo", 
which  at  a  temperature  above  200°  is  converted  into  anhydrous 
cupric  sulphate,  SOgCuo",  a  colourless  salt  which  rapidly  attracts 
moisture  and  becomes  of  a  blue  colour. — Various  basic  sulphates  of 
copper  are  known.  By  heating  the  normal  sulphate  to  redness  for 
several  hours,  cUcupric  sulphate,  SOCuo"2,  is  obtained  as  an  orange- 
yellow  powder.  Cold  water  converts  this  salt  into  ordinary  cupric 
sulphate,  which  dissolves,  and  an  insoluble  green  basic  sulphate  of 
the  formula  SHo2(OCu"Ho)4,  dihydric  tetracupric  sulphate  dihydrate, 
a  substance  which  occurs  native  as  the  mineral  hrochantite.  With 
boiling  water  the  orange-yellow  powder  yields  another  basic  sul- 
pliate — hydric  tricupric  sulphate  trihydrate,  SOHo(OCu"Ho)3. — A 
concentrated  solution  of  cupric  sulphate  in  ammonia  deposits, 
especially  on  the  addition  of  alcohol,  dark-blue  rhombic  crystals  of 

the  compound  S02Guo",4NH3,OH2  =  SHo2(NH2)2{  Cu"  ,0H2, 

which  ou  heating  to  150°  is  converted  into  a  green  powder,  con- 

/NH30\" 

sisting  of  cuprammonic  sidphate,  ^OA  Cu"     )  .   Anhydrous  cupric 

VNH3O/ 

sulphate  absorbs  gaseous  ammonia  with  great  avidity,  yielding  the 
compound  S02Cuo",5NH3. — Cupric  sulphate  forms  with  the  alka- 
line sulphates  double  salts  crystallising  in  monoclmic  forms,  and 
isomorphous  with  the  corresponding  double  salts  of  the  alkalies 
with  zinc  and  magnesium.    Thus  with  potassic  sulphate  it  forms 

rS02Ko 

dipotassic  cupric  disulphateA  Cuo"  ,60H2. — From  mixed  solutions 

LSO2K0 

of  cupric  sulphate  with  one  of  the  sulphates  of  the  dyad  metals, 
magnesium,  zinc,  nickel,  and  iron  (ferrous),  crystals  are  deposited, 
consisting  of  isomorphous  mixtures  of  the  two  sulphates  present. 
If  cupric  sulphate  predominates  in  the  solution,  the  mixed  crystals 
are  triclinic  like  those  of  cupric  sulphate,  and  like  the  latter  salt 
contain  5  aq.  (including  the  molecule  of  water  of  constitution) ;  if 
the  other  sulphate  predominates,  the  mixed  crystals  assume  the 
form  of  this  sulphate,  rhombic  or  monocliuic,  and,  like  the  rhombic 
and  monoclinic  sulphates  of  this  isomorphous  group,  contain  7  aq. 
(including  the  molecule  of  water  of  constitution). — Cupric  sulphate 
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is  employed  in  the  preparation  of  pigments  containing  copper  in 
calico-prmtmg,  and  in  electrotyping.  n    ,  u 

Cupric  phosphates.-The  normal  phosphate,  j  CW "°  '  SOU,,  is  most  readilv 

L  POCuo"  ^ 
prepared  pure  by  digesting  cupric  carbonate  with  dilute  phosphoric  acid  and  heat- 
iBg  0  70  the  blue  solution  thus  obtained.  The  salt  separates  as  a  bluisWeet 
powder  -^oluUe  ^n  water  soluble  in  acids  and  in  ammonia.  It  is  also  fofn  ej 
when  hydric  disodic  phosphate  is  added  to  an  excess  of  a  solution  of  a  norm^J 
cupric  salt  If  on  the  other  hand  the  solution  of  the  cupric  salt  be  added  to  au 
excess  of  the  alkahne  phosphate,  a  precipitate  is  obtained  similar  in  appearance  but 
consisting  of  lydrta  cupric  phosphate,  POHoCuo".  When  the  normal  phosphate  is 
heated  with  water  in  sealed  tubes,  it  is  decomposed  into  free  phosphoric  acid  and  a 
hix^m  s&\t-dicupric  phosphate  hydrate,  POCuo"(OCu"Ho) -which  also  occurs  in 
nature  as  the  mineral  libethemte,  and  crystaUises  in  dark  olive-green  rhombic 

^'n.'^n  /r*?""  ""^^"^^  """P""  phosphate  is  the  mineral  phosphochalcite, 

PO(OCuHo)3,  tricupric  phosphate  trihydrate,  which  forms  green  monocUnic  crystak 
or  botryoidal  masses.  ' 

n      ■  .       r.,,  FAsOCuo" 

Cupric  m-senates.—Th^  normal  arsenate,  \  Cuo"       ,20H2,  is  obtained  bv 

I  AsOCuo"  ^ 
heating  together  cupric  nitrate  and  calcic  arsenate.  It  forms  a  blue  amorphous 
powder.  Basic  arsenates  also  occur  as  minerals,  and  correspond  closely  to  the  ba-^io 
phosphates,  with  which  they  are  isomorphous.  Olivenite  is  a  dicupric  arsenate 
hydrate,  AsOCuo"(OCu"Ho). 

Cupric  arsenite.—Ey&ric  cupric  arsenite,  AsHoCuo",  a  compound  employed  as 
a  pigment  under  the  name  of  Scheele's  green,  is  prepared  by  adding  to  the  solution 
of  a  cupric  salt  a  solution  of  arsenious  anhydride,  and  then  carefuUy  neutraUsing 
mth  ammonia  or  caustic  soda.  It  is  of  a  light  green  colour.  It  is  insoluble  m 
water,  but  readUy  soluble  in  caustic  potash,  yielding  a  blue  Uquid.  The  solution 
gradually  deposits  cuprous  oxide. 

Cupric  silicates.— Tv,'o  of  these  occur  in  nature.  Dioptase,  a  hydric  cupric 
silicate  hydrate,  SiOHo(OCu"Ho),  forms  emerald-green  hexagonal  crystals. 
Chrysocolla  is  a  trihydric  cupric  silicate  hyd/rate,  SiHo3(OCu"Ho).  It  forms  green 
botryoidal  masses. 

COMPOUNDS  OF  COPPER  WITH  SULPHUR. 

Cupric  sulphide   CuS".  Cu=S 

Cuprous  sulphide,  'Cu'aS.— This  compound  occurs  native  as 
c(yppcr  glance,  and  forms  lead-grey  rhombic  tables  or  prisms  with  a 
metallic  lustre,  and  having  a  sp.  gr.  of  5-5  to  5-8.  The  same  com- 
pound is  obtained  as  a  black  brittle  mass  by  heating  together 
4  parts  of  copper  filings  and  1  part  of  sulphur,  or  by  burning 
copper  in  sulphur  vapour. 

Cupric  sulphide,  CuS,  also  occurs  native  as  the  mineral 
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.indigo-copper,  but  much  less  abundantly  than  the  cuprous  com- 
pound. It  sometimes  forms  dark-blue  hexagonal  crystals  with  a 
semi-metallic  lustre,  but  more  frequently  occurs  massive.  Its 
sp.  gr.  is  4-6.  It  may  be  obtained  as  a  blue  powder  by  heating 
finely  divided  copper  with  flo\\'ers  of  sulphur,  avoiding  a  tempera- 
ture higher  than  the  boiling  point  of  sulphur.  It  is  obtained  as  a 
black  amorphous  precipitate  when  sulphuretted  hydrogen  is  passed 
into  solutions  of  cupric  salts,  and  in  this  condition  is  readily 
oxidised  if  exposed  to  the  air  while  still  moist.  The  precipitated 
sulphide  is  insoluble  in  potassic  and  sodic  sulphides,  somewhat 
soluble  in  yellow  ammonic  sulphide,  readily  soluble  in  potassic 
cyanide  and  in  hot  nitric  acid.  When  cupric  sulphide  is  heated 
with  exclusion  of  air,  or  in  a  current  of  hydrogen,  it  parts  with 
half  its  sulphur  and  is  converted  into  cuprous  sulphide. — When  an 
ammonia  cal  solution  of  a  copper  salt  is  precipitated  with  sul- 
phuretted hydrogen,  a  black  precipitate  of  cupric  sulphide  is 
obtained.  If  this  precipitate  be  washed  for  a  very  long  time 
with  sulphuretted  hydrogen  water,  until  the  last  traces  of  ammonia 
compounds  are  removed,  the  black  sulphide  at  last  goes  into  solu- 
tion, yielding  a  dark-brown  liquid  which  is  believed  by  some 
chemists  to  contain  a  colloidal  modification  of  the  sulphide.  Solu- 
tions of  salts  precipitate  from  the  liquid  insoluble  cupric  sulphide. 
On  evaporation  the  black  liquid  dries  up  to  a  black  lustrous  film. 
Similar  colloidal  modifications  of  sulphides  have  been  obtained  in 
the  case"  of  various  other  heavy  metals,* 


*  It  is,  however,  probable  that  these  so-called  colloidal  sulphides  are  nothing 
more  than  ordinary  sulphides  in  a  state  of  very  fine  subdivision.  Ebell,  who  has 
advanced  this  view,  has  shown  tbat  the  finest  ultramarine,  obtained  by  grindino; 
and  levigation,  can  be  removed  by  filtration  from  Liquids  containing  a  salt  in  solu- 
tion ;  but  if  the  ultramarine  upon  the  filter  be  washed  with  pure  water,  it  passes 
through  the  filter  as  soon  as  the  salt  solution  lias  been  sufficiently  removed,  and 
yields  a  blue  liquid  which  to  the  eye  is  perfectly  transparent,  but  which  under  the 
microscope  is  seen  to  contain  minute  suspended  particles  of  ultramarine.  In  pure 
water  these  minute  particles  show  no  tendency  to  subside ;  but  the  addition  of  a 
small  quantity  of  the  solution  of  a  salt  precipitates  the  ultramarine.  If  the  salt 
solution  be  added  to  a  drop  of  the  blue  liquid  under  the  microscope,  the  separate 
particles  of  ultramarine  are  seen  to  unite  into  aggregations,  each  consisting  of  a 
number  of  particles.  On  evaporation,  the  blue  liquid  yields  a  lustrous  blue  film 
adhering  to  the  sides  of  the  vessel. 

The  behaviour  of  this  finely-divided  ultramarine— a  substance  which  cannot  in 
any  sense  be  regarded  as  coitoWa/— corresponds  therefore,  in  all  the  above  particu- 
lars, with  that  of  the  metallic  sulphides  referred  to, 

2  s 
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COMPOUNDS  OiF  COPPUR  WITH  NITR0GI:N,  PEOSPEORUS  AND 

ARSENIC. 

Ciwaus  nitride,  NiCCu's)";,,  is  obtained  as  a  dark  green  powder  when  gaseou- 
ammonia  is  passed  over  finely  divided  cupric  oxide  heated  to  250°  :— 

6CuO    +    4NH3    =    No('Cu',/'3    +  +  60H, 

Cupnc      Ammonia.         Cuprous  Water 
oxide.  nitride. 

At  300°  it  is  decomposed,  with  a  slight  explosion,  into  its  elements. 

Cuprous  phosphide,  ■B.,{'Cu\y\,  is  formed  when  cuprous  chloride  is  heated  in  a 
cm-rent  of  phosphoretted  hydrogen,  or  when  the  vapour  of  phosphorus  is  passed 
over  copper  foU  heated  to  low  redness.  By  fusing  the  compound  under  a  layer  of 
borax  it  jnay,  be  obtained  in  the  form  of  a  silver-white  regulus  of  sp.  gr.  6-59,  very 
brittle,  and  capable  of  taking  a  poUsh.  Hydrochloric  acid  is  almost  without  actio  li 
upon  it,  but  nitric,  acid  dissolves  it  readily. 

Cupric  phosphide,  P2Cu"3,  is  prepared  in  a  similar  manner  by  passing  phospho- 
retted hydrogen  over  heated  cupric  chloride.  It  forms  a  black  lustrous  powder, 
which  whep  heated  in  a  current  of  hydrogen  is  converted  into  cuprous  phosphide! 
It  is  also  formed  as  a  black  precipitate  when  phosphoretted  hydrogen  is  passed  into 
the  solution  of  a  cupric  salt  (p.  374). 

Cuprous  arsenide,  A.3.2{'Cn'.)" 3,  occurs  in  ChiU  as  the  mineral  domeyUte,  form- 
ing tin-white  or  silver-white  masses.  Other  arsenides  of  copper  also  occur  as 
minerals. 

General  Properties  and  Eeactions  oj  the  Compounds  of 
Copper.— The  soluble  compounds  of  copper  have  a  disagreeable 
metallic  taste  and  are  poisonous,  causing  vomiting  and  death. 

a.  Cuprous..co%npounds. — The  cuprous  salts  are  colourless.  They 
are  generally,  insoluble  in  water,  but  soluble  in  hydrochloric  acid 
and  in  ammonia.  In  solution  they  rapidly  absorb  oxygen  from  the 
air,  and  are  converted  into  cupric  salts.  Caustic  alkalies  precipi- 
tate yellow  cuprous  hydrate,  which  is  converted  on  boiling  into  red 
cuprous  oxide. 

b.  Ciiprie  Covipoitnds. —  The  cupric  salts  are  white  in  the 
anhydrous  state,  blue  or  green  when  hydra  ted.  They  are  nearly 
aU  soluble.  The  solutions  redden  blue  litmus.  Caustic  alkalies 
precipitate  blue  cupric  hydrate,  which  on  boiling  is  partially  con- 
verted into  cupric  oxide  and  becomes  black.  The  presence  of 
sugar,  tartaric  acid,  and  various  other  organic  substances,  renders 
the  cupric  hydrate  soluble  in  an  excess  of  alkali.  Amiimiia  gives 
a  similar  precipitate,  which  is,  however,  soluble  in  excess,  yielding 
a  deep  blue  liquid.    Sulphuretted  hydrogen  precipitates  from  acid 

•  solutions  brownish-black  cupric  sulphide,  slightly  soluble  in  yeUow 
ammonic  sulphide,  readily  soluble  in  potassic  cyanide  and  in  liot 
nitric  acid.  Potassic  ferrocyanide  gives  a  brown  precipitate,  insolu- 
ble in  hydrochloric  acid. 
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From  solutions  of  copper  compounds  zinc  and  iron  precipitate 
metalKc  copper.  All  compounds  of  copper,  when  heated  with  sodic 
carbonate  on  charcoal  in  the  reducing  ilameof  the  blowpipe,  yield  a 
bead  of  metallic  copper.  A  borax  bead  containing  a  copper  salt, 
and  heated  in  the  oxidising  flame,  is  green  while  hot  and  blue 
when  cold ;  in  the  reducing  flame  the  bead  is  colourless  if  the  pro- 
portion of  copper  be  small,  but,  if  the  proportion  of  copper  be  large, 
the  bead  is  red  from  the  presence  of  reduced  copper.  The  com- 
pounds of  copper  colour  the  non-luminous  flame  green  or  blue. 
Cupric  cliloride  gives  a  banded  flame-spectrum,  this  being  the 
spectrum  of  the  compound.  The  spark-spectrum  of  copper  con- 
tains a  number  of  lines,  among  which  some  of  those  in  the  green 
are  especially  j)rominent. 


CHAPTEE  XXXV. 

TEIAD  ELEMENTS. 

Section  II. 
GOLD,  Au2  ? 

■Atomic  weight  =  196.  FrobaUe  molecular  weight  =  392.  Sp.  gr. 
19-3  to  19-5.  Fuses  at  1240°.  Atomicity  '  and  "'.  Evidence  of 
atomicity : — 

Aureus  chloride   AuCl. 

Aurous  iodide   Aul. 

Auric  chloride   A.\\!"0\y  ' 

Auric  hydrate   Au'^Hog. 

History.— Go\(^  has  been  known  and  prized  from  the  earliest 
historical  times. 

Occurrence.— Gold,  occurs  widely  distributed,  but  mostly  only  in 
ismaU  quantity.  It  is  almost  always  found  in  the  native  state, 
)  sometimes  in  crystals,  sometimes  in  dendritic  forms  produced  by 
iihe  regular  aggregation  of  crystals,  but  most  frequently  in  irreo-ular 
1  masses  termed  mujgets.  In  matrix  it  is  found  disseminated 
1  throughout  quartz  veins  or  reefs.    The  alluvial  deposits  produced, 

2  s  2  ' 
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by  the  disintegration  of  tlie  auriferous  rocks  form  the  chief  sources 
of  the  metaL  The  principal  gold-fields  are  those  of  California  and 
Australia.  Gold  is  still  extracted  from  the  sand  of  rivers  in 
Hungary  and  Transylvania,  but  the  importance  of  these  sources 
has  diminished  since  the  discovery  of  the  Australian  and  Califor- 
nian  fields.  Native  gold  generally  contains  more  or  less  silver ;  if 
the  percentage  of  silver  exceeds  36  per  cent.,  this  native  alloy  is 
termed  dectrum.  Gold  is  found  in  combination  with  bismuth 
and  tellurium  in  a  few  rare  minerals,  and  alloyed  with  mercury  as 
an  amalgam.  Traces  of  the  metal  occur  in  many  ores  of  silver, 
copper,  and  lead,  and  in  iron  pyrites.  In  spite  of  the  smallness  of 
the  quantity  present,  it  is  possible  in  some  of  these  cases  to  extract 
the  gold  with  profit  (see  p.  503). 

Extraction. — Native  gold  is  mechanically  separated  from  the 
alluvial  deposits  with  which  it  is  mixed,  by  washing  away  the 
lighter  earthy  particles — either  by  the  simple  manual  processes  of 
pan-washing  or  cradle-washing,  or  on  a  large  scale  by  hydraulic 
gold-mining.  In  the  latter  process  enormous  jets  of  water  are 
employed  to  remove  the  whole  of  the  alluvial  deposit  down  to  the 
bed-rock.  The  stream  of  water,  carrying  with  it  the  disintegrated 
deposit,  flows  through  a  long  sloping  tunnel  bored  in  the  rock. 
Along  the  bottom  of  the  tunnel  are  placed  "  sluice-boxes  "  contain- 
ing a  small  quantity  of  mercury.  The  particles  of  gold  fall  into 
the  sluice-boxes  and  are  arrested  by  the  mercury,  with  which  they 
form  an  amalgam.  The  tunnel  is  cleared  at  intervals  of  from  ten 
to  twenty  days ;  the  amalgam  of  gold  is  removed,  and  the  mercury 
expelled  by  distillation.  In  quartz-mining  the  auriferous  quartz  is 
stamped  to  a  fine  powder  by  special  machinery,  and  the  gold 
extracted  by  amalgamation. 

Refining. — One  of  the  simplest  and  most  e£B.cient  refining  pro- 
cesses is  that  devised  by  F.  B.  Miller.  The  gold,  which  must 
not  contain  more  than  10  per  cent,  of  silver,  is  melted  in  a  clay 
crucible  glazed  inside  with  borax,  and  a  current  of  chlorine  is 
passed  through  the  molten  metal  The  silver  is  thus  converted 
into  argentic  chloride,  which  rises  to  the  surface  and  is  prevented 
from  volatilising  by  a  layer  of  fused  borax ;  other  foreign  metals, 
such  as  zinc,  antimony,  bismuth,  and  tin,  are  volatilised  as  chlorides. 
The  metal  thus  purified  contains  from  991  to  99-7  per  cent,  of 
gold. 

Pure  gold  may  be  prepared  by  dissolving  the  metal  m  aqua- 
regia,  and,  after  expelling  the  excess  of  nitric  acid,  precipitating 
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the  cTold  by  some  reducing  agent,  such  as  ferrous  sulphate.  The 
finely  divided  gold  is  obtained  in  a  coherent  form  by  fusion  with 
a  mixture  of  borax  and  nitre.  ^ 

P.W^.s.-Gold  is  a  lustrous  metal,  of  a  yeUow  colour  when 
the  li^ht  is  only  once  reflected,  but  red  when  the  light  is  several 
times°reflected  from  the  surface  of  the  metal  before  •  reaching  the 
eye  (p  440).  It  is  the  most  maUeable  and  ductile  of  the  metals 
(pp  452  and  453).  Very  thin  gold  leaf  transmits  green Hght.  When 
pure  it  is  nearly  as  soft  as  lead.  It  fuses  at  1240°,  the  molten 
metal  emitting  a  bluish-green  light.  At  very  high  temperatures 
it  is  volatile.  It  is  quite  unalterable  in  air,  oxygen,  and  steam,  at 
all  temperatures.  No  single  acid,  with  the  exception  of  selenic, 
has  any  action  upon  it ;  but  aqua-regia,  and  all  other  liquids  con- 
taining or  evolving  chlorine,  dissolve  it  with  formation  of  auric 
chloride  (AuClg).  It  combines  with  chlorine  and  bromine  at 
ordinary  temperatures,  and  with  phosphorus  when  heated  in  its 
vapour.  It  is  precipitated  from  its  solutions  by  most  other  metals, 
and  by  most  reducing  agents.  Ferrous  sulphate  precipitates  it  as 
a  brown  powder  without  metallic  lustre ;  oxalic  acid,  in  glistening 
yellow  scales. 

Uses. — Gold  is  employed  for  coinage,  for  ornaments,  and  in 
gilding,  if  on-metallic  surfaces  are  gilt  with  gold-leaf.  Metals  are 
gilt  by  electro-deposition,  employing  a  solution  of  auric  chloride  in 
potassic  cyanide  (the  solution  contains  auric  potassic  cyanide 
AuCy3,KCy)  and  using  a  gold  plate  as  positive  electrode. 

Alloys. — Pure  gold  is  employed  in  the  preparation  of  gold-leaf 
and  of  the  solutions  for  electro-gilding,  but  owing  to  its  softness  is 
not  suited  for  the  manufacture  of  objects  which  have  to  resist  the 
wear  of  ordinary  use.  For  jewellery  or  coinage  gold  is  therefore 
alloyed  with  copper,  or  with  silver,  or  with  both,  these  admixtures 
imparting  to  the  gold  the  requisite  hardness.  The  copper  alloy 
has  a  reddish  tinge,  that  with  silver  is  whiter  than  pure  gold. 

The  proportion  of  goldL  an  alloy  is  frequently  expressed  in  carats,  or  parts  per 
24  :  thus  24-carat  gold  is  pure  gold,  22-carat  gold  contains  22  parts  of  gold  in 
24  parts  of  the  alloy,  and  so  on.  In  most  countries  the  composition  of  various 
standard  alloys  for  jewellery  and  coinage  is  fixed  by  law.  In  England  there  are 
five  legal  standards  :  22-carat — the  standard  gold  employed  for  coinage,  the  two 
remaining  parts  in  this  case  consisting  of  copper — 18,  15,  12  and  9-carat  gold.  In 
the  case  of  coinage  standards,  however,  it  is  more  usual  to  express  the  proportion  of 
gold  in  parts  per  millc  of  the  alloy,  this  expression  being  known  as  the  fineness  of 
the  alloy.  The  English  22-carat  standard  gold  has  thus  a  fineness  of  916'66.  Most 
other  European  countries  employ  a  coinage  standard  having  a  fineness  of  900. 
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Gold  forms  two  classes  of  compounds,  aurous  and  auric.  In  the 
hrst  oi  these  it  is  a  monad,  in  tlie  second  a  triad. 

COMPOUNDS  OF  GOLD  WITH  THE  HALOGENS, 
a.  Aurous  Compounds. 

Aureus  chloride,  AuCl,  is  obtained  by  heating  aizric  chloride,  AuCl,,  to  185°  It 
IS  ayeUowish-white  powder,  which  is  decomposed  at  a  higher  temperature  into  gold 
and  chlorine.    Water  decomposes  it  into  metallic  gold  and  the  trichloride 
oxidi-""'  ^"""""^  °*  hydriodic  acid  upon  auric 

AU2O3    +    6HI    =    2AuI    +    3OH2    +  2I2. 
Auric       Hydriodic     Aurous  Water, 
oxide.  acid.  iodide. 

and  in  aU  similar  cases  when  the  formation  of  an  auric  iodide  might  be  expected 
the  latter  compound  undergoing  decomposition  into  Aul  +  I2— thus  by  the  action 
of  potassic  iodide  upon  auric  chloride  : — 

AuClj    +    3KI    =    Aul     +    I2    +  3ZC1. 
Auric       Potassic     Aurous  Potassic 
chloride.       iodide.       iodide.  chloride. 

Aurous  iodide  forms  a  lemon-yellow  powder,  which  is  decomposed,  slowly  at  ordi- 
nary temperatures,  rapidly  on  heating,  into  its  elements. 

h.  Auric  Compoimds. 

Auric  chloride,  AuCl^.— This  compound  is  obtained  by  the 
action  of  chlorine  upon  gold,  or  by  dissolving  gold  in  aqua-regia, 
evaporating  to  dryness,  taking  up  with  water,  evaporating  again  to 
dryness,  and  heating  carefully  to  150°.  The  anhydrous  chloride 
forms  a  brown  crystalline  deliquescent  mass.  Though  decomposed 
at  185°,  as  already  mentioned,  into  aurous  chloride  and  chlorine, 
it  may  be  subHmed  in  a  current  of  chlorine  at  300°,  and  is  thus 
obtained  in  long  red  needles.  When  a  hot  concentrated  aqueous 
solution  of  auric  chloride  is  allowed  to  cool,  an  aquate  of  the 
formula,  AuCl3,20H2,  is  deposited  in  large  orange-coloured 
crystals. 

Auric  chloride  forms  numerous  compoimds  with  other  metallic  chlorides  and 
with  hydrochloric  acid.  The  hydrochloric  acid  compound,  sometimes  called  /it/dr- 
auric  acid,  has  the  formula  AuCl3,HCl,30il5,  and  crystallises  from  the  concentrated 
solution  of  gold  in  aqua-regia  in  long  yellow  needles.  Auric  potassic  cMortde  forms 
two  aquates — (AuCl3,KCl).2,OH2,  crystallising  in  needles,  and  AuC]3,HCl,20H.j, 
crystallising  in  large  rhombic  tables.  Auric  sodic  chloride,  AuC]3,NaCl,201I;, 
crystallises  in  jellowish-red  prisms.  Auric  amnionic  chloride  forms  light  yellow 
rhombic  tables,  (AuC]3,NH.,Cl)250H2.  or  monoclinic  plates,  (AuCl;,,NH4CI)450El2. 
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These  double  ehlorides  are  sometimes  referred  to  as  cUoraurates,  thus  potassic  cUor- 
aUrate. 

//aWc  5rom!«?e,  AuBra,  forms  a  black  crystalhne  mass.  fuu 
ilZ  Lids,  Inl,,  is  not  known  as  such,  but  several  dotible  compounds  of  this 
iodide  with  iodides  of  other  metals  have  been  prepared. 

COMPOUNDS  OF  GOLD   WITH  OXYGEN  AND 

EYDBOXYL. 

Aurous  oxide  OAu^,     Au^O— Au 

fAuO 

Auric  oxide  (Aurk  anhydride)  \  0      .     0=Au— 0— Au=-0 

1  AuO'^ 

0-H 

Auric  hydrate    AuHog.  ^u^O— H 

Auroiis  oxide,  OAu^,  is  obtained  as  a  violet-black  powder  by 
the  action  of  dilute  caustic  potash  upon  aureus  chloride.    At  loO 
it  is  decomposed  into  its  elements.    With  hydrochloric  acid  it 
yields  auric  chloride  and  metallic  gold : — 

30Au2    +    6HC1    =    2AUCI3    +    2AU2    -f  3OH2. 

Aurous  Hydrochloric  Auric  Water, 

oxide.  acid.  chloride. 

Sulphuric  and  nitric  acids  are  without  action  upon  it,  1mt  aqua- 
regia  dissolves  it  readily. 

Auric  oxide  (auric  anh^jdride),  AU2O3.— This  compound  is 
prepared  by  heating  a  solution  of  auric  chloride  with  magnesia  and 
treating  the  precipitate,  which  consists  of  magnesic  aurate, 

AuO  ° 

with  concentrated  nitric  acid,  in  which  the  whole  dissolves.  Water 
precipitates  auric  hydrate,  AUH03,  as  a  reddish-yellow  powder, 
which  by  gentle  heating  is  converted  into  the  oxide.  It  forms  a 
brown  powder  which  is  partially  decomposed  at  100°,  wholly  at 
245°,  into  its  elements.  It  is  the  anhydride  of  auric  acid,  AuOHo, 
and  dissolves  in  dilute  caustic  potash  to  form  potassic  aurate,  which 
crystallises  in  light  yeUow  needles  of  the  formula  AuOKo,30H2. 

 ^  derivative  of  auric  anhydride  is  fidminating  gold,  a  compound 

which  is  formed  by  the  union  of  four  molecules  of  ammonia  witli 
one  of  auric  anhydride,  and  which  may  be  regarded  as  possessing 


INORGANIC  QHEMISTRY 

r  Au(NH2)(NH,0) 
the  constitution  -^0  Tf  ;c  K^cf  v.         i  i  , 

mg  auric  hydrate  with  aqueous  ammonia.  It  forms  a  yellowish- 
brown  or  greenish-yellow  powder,  which  when  drv  explodes  with 
great  violence  by  heat  or  percussion.  A  similar  compound,  which 
however  appears  to  contain  chlorine,  separates  when  ammonia  is 
added  to  a  solution  of  auric  chloride. 

Auric  hydrate,  AUH03,  may  be  obtained  either  as  above 
described,  or  by  electrolysing  dilute  sulphuric  acid,  employing  a 
go  d  plate  as  positive  electrode,  when  the  hydrate  is  formed  a°s  a 
yellow  crust  on  the  electrode. 

OZY-SAZTS  OF  GOLD. 

Simple  oxy-salts  of  gold  are  not  known.  Double  salts  have 
however  been  prepared,  such  as  the  double  thiosulphate  of  cold 
and  sodium,  S02AuoAus,3S02Nao^[as,40H„  which  might  also  be 
formulated — 

'SHo„NaoAus 
0 

SHogNaoNas 

2  T  ^'  dimirous  hexctsodic 

SHoa^'aoN'as  j  tetrathmlphate. 

^^SHogNaoAus-* 

It  is  formed  when  a  dilute  neutral  solution  of  auric  chloride  is 
added  to  an  excess  of  a  solution  of  sodic  thiosulphate.  A  reduction 
of  the  gold  from  the  auric  to  the  aurous  condition  occurs,  the  red 
liquid  whicli  is  at  first  formed  becoming  colourless.  The  salt  is 
then  precipitated  by  the  addition  of  strong  alcohol.  It  crystallises 
in  colourless  needles  which  have  a  sweet  taste.  Neither  the  gold 
nor  the  thiosulphuric  acid  can  be  detected  by  the  usual  tests  :  the 
gold  is  not  precipitated  by  reducing  agents,  and  no  separation  of 
sulphur  occurs  on  the  addition  of  dilute  acids. 

Double  sulphites  of  gold  with  the  alkaK  metals  are  also  known. 
Aurous  amnionic  sulijhite  has  the  formula 

SOAmo2,3SOAuoAmo,30H2. 
Purple  of  CassiiLs. — This  remarkable  compound  is  obtained  as 
a  flocculent  purple  precipitate  when  a  very  dilute  mixed  solution 
of  stannous  and  stannic  chloride  is  gradually  added  to  a  dilute 
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neutral  solution  of  auric  chloride.  It  contains  one  or  both  of  the 
oxides  of  tin.  Its  nature  is  not  known  with  certainty,  but  it  is 
supposed  to  be  a  hydrated  stannous  diaurous  distannate, 

Sn202Sno"Auo2,40H2. 
Its  composition,  however,  is  apt  to  vary  with  the  mode  of  prepara- 
tion. The  compound  is  decomposed  by  acids  with  separation  of 
metallic  gold.  It  is  insoluble  in  solutions  of  caustic  potash  and 
caustic  soda,  but  soluble  in  ammonia,  yielding  a  deep  purple  liquid 
which  is  bleached  by  exposure  to-light  with  deposition  of  metallic 
o-old  and  formation  of  ammonic  stannate.  Purple  of  Cassius  is 
employed  to  impart  a  magnificent  red  colour  to  glass.  The  coloui 
depends  upon  the  presence  in  the  glass  of  metallic  gold  in  a  state 
of  minute  subdivision. 

COMPOUND  OF  GOLD  WITH  SULPHUR. 

Diaurous  disulphide,  'S'jAuy,  is  precipitated  by  sulphuretted 
hydrogen  from  cold  solutions  of  auric  chloride : — 

2AUCI3    +    3SH2    =    'S'2Au2    +    6HC1    +  S. 

Auric  Sulphuretted  Diaurous  Hydrochloric 

chloride.  hydrogen.  disulphide.  acid. 

It  forms  a  black  precipitate,  insoluble  in  water,  soluble  in  solutions 
of  the  alkaline  sulphides,  with  formation  of  double  sulphides  such 
as  SlSTaAu : — 

'S'aAua    4-    2Sm^    =    2SN'aAu    +  '^'^I^sl^. 

Diaurous  Disodic  Sodic  aurous  Disodic 

disulphide.  sulphide.  sulphide.  disulphide. 

From  hot  solutions  of  gold  salts  sulphuretted  hydrogen  precipitates 
metallic  gold. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Gold. — Gold  is  precipitated  from  its  solutions  by  most  reducing 
agents — e.g.,  ferrous  sulphate,  mercitroiis  nitrate,  oxalic  acid,  formic 
acid,  sulphurous  acid — as  finely  divided  metallic  gold.  A  mixture 
of  stannous  and  stannic  chlorides  produces  a  characteristic  precipi- 
tate of  purple  of  Cassius  (p.  632).  All  gold  compounds  are  con- 
verted into  metallic  gold  when  ignited  with  exposure  to  air.  The 
compounds  of  gold  do  not  colour  the  non-lnminous  flame. 
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Section  III. 
THALLIUM,  TI2? 

■Atomic  weiglit  =  204.  Prolable  molecular  weight  =  408  Sp  cjr 
11-8  to  11-9.  Fuses  at  294°  AtomicUy  '  and  "'.  Evidence 
of  atomicity : — 

Thallous  chloride   TlCl. 

Thallous  oxide    OTl 


Thallic  cliloride   Tr"()l3. 

Sistory. —Thdllmm  was  discovered  lay  Crookes  in  1861  while 
examining  spectroscopically  a  seleniferous  deposit  from  a  sulphuric 
acid  manufactory  in  the  Harz.  It  was  at  first  supposed  to  be  a 
non-metal,  allied  to  sulphur.  In  1862  it  was  discovered  inde- 
pendently by  Lamy,  who  first  recognised  its  metallic  character  and 
succeeded  in  isolating  it. 

The  name  thallium,  derived  from  6aXX6<;,  a  green  twig,  was 
given  to  this  element  in  allusion  to  the  bright  green  Ime  which 
constitutes  its  visible  spectrum  and  by  means  of  which  it  was  dis- 
covered. 

Occurrence. — Thallium  occurs  widely  distributed  in  nature,  but 
only  in  small  quantities.  Certain  varieties  of  pyrites — notably 
Belgian,  Westphalian,  and  Spanish  pyrites — contain  traces  of 
thallium,  and  when  such  ppites  is  burnt  in  the  manufacture  ol' 
sulphuric  acid,  the  thallium  condenses  and  collects  in  the  form  of 
thallous  oxide,  along  with  arsenious  anhydride  and  other  sub- 
stances, as  a  fine  dust  in  the  flues  of  the  pyrites  burners.  Salts  of 
thallium  occur  in  minute  quantity  in  some  mineral  springs.  As 
an  essential  constituent,  it  is  found  only  in  the  rare  mineral 
crookesitc,  a  selenite  of  copper,  silver,  and  thallium,  containing  from 
16  to  18  per  cent,  of  the  latter  metal. 

Freparcttion. — When  the  flue  dust  containing  thalh'um  is 
treated  with  dilute  sulphuric  acid,  the  thallium  goes  into  solution 
as  thaUous  sulphate,  SO2TI02,  and  may  be  precipitated  as  sparingly 
soluble  thallous  chloride  by  the  addition  of  hydrochloric  acid  to 
the  filtered  solution.  The  washed  cliloride  is  separated  and  recon- 
verted into  sulphate  by  treatment  with  sulphuric  acid,  heating  to 
expel  the  hydrochloric  acid.  The  sulphate  is  purified  by  crystal- 
lisation, and  from  the  solution  of  the  pure  sulphate  metallic 
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thaUium  is  obtained  by  electrolysis  or  by  precipitation  with  zmc. 
The  metal  which  is  thus  deposited  in  soft  laminar  crystals  or  as  a 
spongy  mass,  may  be  obtained  in  a  coherent  form  by  fusion  m  a 
covered  crucible  under  potassic. cyanide. 

Properties.— Thallium  is  a  heavy  metal,  white  like  tm,  and  sott 
enouoh  to  be  scratched  with  the  finger-nail.  It  may  be  distilled 
at  a°  white  heat  in  a  current  of  hydrogen.  When  exposed  to 
the  air  it  tarnishes  superficially,  and  is  converted  into  thallous 
oxide.  It  does  not  decompose  water  below  a  red  heat,  and  is  best 
preserved  in  closed  vessels  under  water.  With  access  of  air  it 
slowly  dissolves  in  water  with  formation  of  thallous  hydrate, 
which  in  solution  absorbs  carbonic  anhydride,  and  is  ultimately 
converted  into  carbonate.  Dilute  acids  readily  dissolve  it.  It  is 
precipitated  in  the  metallic  state  from  its  solutions  by  zinc,  but  it 
precipitates  lead,  copper,  mercury,  and  silver  from  the  solutions  of 
their  salts. 

ThaUium  forms  two  classes  of  compoimds — thallous  compounds, 
in  which  the  metal  is  monadic,  and  thallic  compounds,  in  which  it 
is  triadic.  The  members  of  the  first  class  are  the  most  numerous 
and  best  characterised. 

COMPOUNDS  Ot  THALLIUM  WITH  THE  HALOGENS. 

a.  Thallous  Compounds. 

Thallous  chloride,  TlCl,  Molecular  'volume  □□ — This  com- 
pound is  obtained  as  a  curdy  precipitate  when  hydrochloric  acid  is 
added  to  a  not  too  dilute  solution  of  thallous  hydrate  or  a  thallous 
salt.  It  is  coloured  violet  by  exposure  to  light.  It  is  soluble  in 
360  parts  of  water  at  ordinary  temperature,  in  from  50  to  60  parts 
at  100°.  From  the  hot  saturated  aqueous  solution  it  crystallises 
in  cubes.  It  is  less  soluble  in  water  containing  hydrochloric  acid 
than  in  pure  water.  It  is  readily  fusible,  yielding  a  yellow  liquid, 
which  solidifies  to  a  white  crystalline  mass.  At  higher  tempera- 
tures it  volatilises. 

Thallous  bromide,  TlBr,  forms  a  yellow  precipitate.  It  is  less  soluble  in  water 
than  the  chloride,  which  it  closely  resembles. 

Thallous  iodide,  Til,  is  precipitated  as  a  yellow  crystalline  powder  when  potassic 
iodide  is  added  to  the  solution  of  a  thallous  salt.  It  is  almost  insoluble  in  water. 
Exposure  to  sunlight  colours  it  green.  It  is  readily  fusible,  and  solidifies  to  a  red 
crystalline  mass,  which  becomes  yellow  on  standing.  At  a  higher  temperature  it 
may  be  sublimed  with  partial  decomposition. 

Thallous  fluoride,  TIF,  is  prepared  by  dissolving  thallous  carbonate  in  hydro- 
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Hiallie  Compounds. 

.n..?f  T  ^^^^  cmoride  is 

suspended  m  water  and  chlorine  passed  into  the  liauid  On 
evaporation  m  vacuo  coloui-less  deliquescent  prisms  of  the  formula 
-Lloig^UHg  are  deposited. 

kno^'°"w,'^  thamum  intermediate  between  thallous  and  thalUc  ehloride  are 
Jinown.    In  these  the  thaUium  is  in  the  triadic  condition  :- 

TetratkalUe  ke.acUoride,  {gg^ggg,  is  formed  when  metaUic  thallium 

obtf  °°/^  ^""^^f  ''^      "^"'^^  °*  yellowish-brown  mass  is  thus 

it  nTffo'Jr"'7r^"^^'  ^^'^^^  b^i^-^S  -'^ter,  and  costal- 

Xisiug  irom  the  solution  m  yellow  laminse. 

^^^racA^onlrfe,  {  JJg^.-When  metallic  thallium  or  thallous  chloride 
is  cautiously  heated  in  chlorine,  a  compound  of  the  aboye  composition  is  obtained, 
which,  on  heatmg  more  strongly,  parts  with  chlorine,  and  is  converted  into  tetra- 
tliallic  hexachloride. 

Thallic  bromide,  TlBr,,  and  thallic  iodide,  TII3,  are  also  known.  They  resemble 
the  chloride,  but  are  less  stable. 

COMPOUNDS  OF  THALLIUM  WITH  OXYGEN  AND 

HYDROXYL. 

Thallous  oxide    OTlj.    Tl  0  Tl. 


fTlO 

J.  ( 


T1=0 


Thallic  oxide  J  0     .  0 

LTIO  I 

T1=0 

Thallous  hydrate    TlHo.       Tl— 0— H. 

ThaUic  oxyhydrate   TlOHo.    0=T1— 0— H. 

Thallous  oxide,  OTlg.— Metallic  thallium,  when  exposed  to 
the  air,  tarnishes,  owing  to  the  formation  of  a  coating  of  thallous 
oxide.  The  oxide  may  be  obtained  pure  by  heating  the  hydrate 
to  100°  with  exclusion  of  air.  It  forms  a  black  powder  which 
fuses  at  300°  to  a  dark  yellow  liquid.  It  attracts  moisture  from 
the  air  and  dissolves  in  water  with  formation  of  thallous  hydrate. 

Thallic  oxide,  TI2O3.— This  oxide  is  formed  when  thallium 
burns  in  oxygen,  and  may  also  be  obtained  by  heating  thallic 
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oxyliydrate  to  100°  It  is  a  dark-red  powder,  insoluble  in  water. 
At  a  red  heat  it  evolves  oxygen,  and  is  converted  into  thallous 
oxide.  Hot  concentrated  sulphuric  acid  dissolves  it  with  evolution 
of  oxygen  and  formation  of  thallous  sulphate.  When  acidulated 
water  is  electrolysed,  employing  a  positive  electrode  of  thallium, 
the  metal  becomes  covered  with  a  black  deposit  of  thallic  oxide. 

Thallous  hydrate,  TlHo,  is  formed  when  thallium  is  simul- 
taneously acted  upon  by  water  and  air  or  oxygen.  It  is  most 
readily  obtained  pure  by  precipitating  thallous  sulphate  with  baric 
liydrate  and  evaporating  the  filtrate.  It  crystallises  in  colourless 
or  faint-yeUow  rhombic  prisms,  having  the  composition  TlIIo,OH2. 
It  is  readily  soluble  in  water  and  in  alcohol,  yielding  powerfully 
alkaline  solutions.  The  brown  stain  which  it  produces  upon 
turmeric  paper  disappears,  however,  after  a  time,  owing  to  a  pecu- 
liar destructive  action  which  the  hydrate  exercises  upon  the 
colouring  matter.  Thallous  hydrate  is  converted  at  100°,  or  in 
vacuo  at  ordinary  temperatures,  into  thallous  oxide. 

Thallic  oxyhydi^ate,  TlOHo. — This  compound  is  produced  as  a 
brown  precipitate  when  freshly  precipitated  thallous  chloride  is 
warmed  with  a  solution  of  sodic  hypochlorite.  It  is  also  formed 
by  the  action  of  a  caustic  alkali  .upon  thallic  chloride.  It  is  a 
brown  powder,  which  at  100°  is  converted  into  thallic  oxide. 

OXY-SALTS  OF  THALLIUM. 

a..  Thallous  Salts. 

Thallous  nitrate,  NO2TI0. — This  salt  is  obtained  by  dissolving 
the  metal  in  nitric  acid.  The  solution  deposits  opaque  white 
rhombic  prisms,  soluble  in  about  10  parts  of  water  at  the  ordinary 
temperature,  very  readily  soluble  in  boiling  water.  It  fuses  without 
decomposition  about  205°;  but  is  decomposed  at  a  higher  tem- 
perature. 

Thallous  carbbnate,  COTI02,  is  formed  when,  a  solution  of 
thallous  hydrate,  or  metallic  thallium  moistened  with  water,  is 
exposed  to  the  air.  It  is  best  prepared  by  saturating  a  solution  of 
the  hydrate  with  carbonic  anhydride  and  evaporating  to  the  crys- 
tallising point.  It  is  deposited  from  the  aqueous  solution  in  long, 
lustrous  monoclinic  prisms.  It  dissolves  in  20  parts  of  cold  water, 
yielding  a  solution  with  an  alkaline  reaction.  It  is  fusible  without 
decomposition,  but  at  higher  temperatures  evolves  carbonic  anhy- 
dride. 
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_  _  Thallous  sulphate,  SO.Tlo^,  crystallises  in  rhombic  prisms  and 
IS  isomorphous  with  potassic  sulphate.  It  is  soluble  in  20  parts  o\ 
water  at  ordinary  temperatures  and  in  5  parts  at  100°  When  air 
IS  excluded  it  fuses  at  a  red  heat  .without  decomposition  •  but 
when  heated  m  air,  it  is  decomposed  with  evolution  of  sulphurous 
anhydnde.-^yrfH.  thallous  sulphate  is  deposited  from  solutions 
contaimng  a  large  excess  of  sulphuric  acid.  It  crystallises  in  short 
thick  prisms,  having  the  formula  SO,HoTlo,30H, -With  the 
sulphates  of  the  dyad  metals  thallous  sulphate  forms  double  salts, 

PSO  Tl 

such  as  the  double  sulphate  of  zinc  and  thaUium,  \  Zno"  ,QOR 

SO  Tlo'  ^' 

corresponding  with  the  double  sulphates  of  ammonium'and  potas- 
sium with  the  dyad  metals,  and  Hke  these,  containing  6  molecules 
of  water  of  crystallisation, 

Thallous  phosphate  POTI03,  is  obtained  as  a  white  crystaUine  precipitate  when 
a  thallous  salt  18  added  to  a  solution  of  ordinary  sodic  phosphate  containing  ammo- 
ma.  It  dissolves  in  200  parts  of  cold  and  in  150  parts  of  boiling  water  It  is 
soluble  m  solutions  of  ammonia  salts. —Hydric  dithallous  phosphate,  POHoTio,  0E„ 
13  prepared  by  neutraHsing  a  solution  of  phosphoric  acid  with  thallous  carbonate' 
The  solution  deposits  on  evaporation  rhombic  crystals,  which  part  with  their  water 
of  crystallisation  at  200°,  and  at  a  red  heat  are  converted  into  a  vitreous  mass  of 
thallous  pyrophosphate,  ^P-iO^THo^.—mhydric  thallous  phosphate,  POHo^Tlo,  is  pre- 
pared by  adding  to  a  solution  of  thaUous  carbonate  sufficient  phosphoric 'acid  to 
produce  a  distinctly  acid  reaction,  and  then  evaporating.  It  forms  nacreous  mono- 
chnic  prisms  or  lamince,  readily  soluble  in  water.  At  a  red  heat  it  is  converted  into 
metaphosphate. 

b.  Thallic  salts. 

Thallic  nitrate,  J,  NOo— Tlo"',80Hj,  is  deposited  in  colourless  crystals  from 
LNO2  ' 

the  solution  of  thallic  oxide  in  concentrated  nitric  acid.    Excess  of  water  decom- 
poses the  salt  with  separation  of  thallic  oxyhydrate. 

Thallic  sulphate,  S306Tlo'"2,70H2,  crystaUises  in  thin  colourless  lamina  from  a 
solution  of  thalUc  oxide  or  hydrate  in  warm  dUute  sulphuric  acid.  Water  decom- 
poses it  in  the  cold.  When  heated  it  gives  off  sulphuric  acid,  sulphuric  anhydi-ide, 
and  oxygen,  and  is  converted  into  thallous  sulphate. 

COMPOUNDS  OF  THALLIUM  WITH  SULPHUR. 

Thallous  sidphide,  STlg. — This  compound  is  obtained  as  a 
brownish-black  amorphous  precipitate  wlien  sulphuretted  hydrogen 
is  passed  into  an  alkaline  or  acetic  acid  solution  of  a  thallium  salt. 
From  a  solution  of  thallous  sulphate  containing  a  trace  of  free  sul- 
phuric acid,  it  is  deposited  in  minute,  lustrous,  dark-blue  tetra- 
hedra.     It  may  be  obtained  as  a  black,  lustrous,  crystaUine  mass 
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bv  fusinc^  thallium  with  sulphur  in  absence  of  air.— Thallous  sul- 
phide is°insoluble  in  water,  in  alkalies,  or  alkaline  sulphides,  and 
in  potassic  cyanide,  soluble  with  dilTiculty  in  acetic  acid,  readily 
soluble  in  sulphuric  and  in  nitric  acid.  The  precipitated  sulphide, 
when  exposed  to  the  air  in  a  moist  state,  undergoes  oxidation  to 
sidphate.  By  heating  in  a  current  of  hydrogen,  thallous  sulphide 
is  reduced  to  metallic  thallium. 

ThalUo  sulphide,  TL,S"3,  is  prepared  by  fusing  thallium  with  an  excess  of  sul- 
phur, expeUing  this  excess  at  a  low  temperature  with  exclusion  of  air.  It  is  a  black 
amorphous  readily  fusible  substance.  In  warm  weather  it  is  soft  Hke  pitch,  but 
below  12°  it  is  brittle.  Hot  dilute  sulphui-ic  acid  dissolves  it  without  separation  of 
sulphur.  ThaUic  sulphide  is  the  anhydride  of  a  sidpho-acid,  TlS"Hs.  The  potas- 
sium salt  of  this  acid,  potassic  sulpTiotliallate,  TlS"Ks,  is  obtained  by  fusing  together 
1  part  of  thaUous  sulphate  with  6  parts  of  potassic  carbonate  and  6  parts  of  sul- 
phur, extracting  the  cooled  mass  with  water.  The  sidphothallate  remains  behind 
as  a  dark  cochineal-red  powder,  consisting  of  microscopic  quadratic  plates. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Thallium.— The  salts  of  thallium  are  generally  colourless.  They 
have  a  disagreeable  metallic  taste  and  are  poisonous.  Zinc  pre- 
cipitates metallic  thallium  from  solutions  of  the  salts.  Sulphu- 
retted hydrogen  precipitates  neutral  or  slightly  acid  solutions  of 
thallium  salts  only  partially,  and  solutions  containing  an  excess  of 
a  mineral  acid  not  at  all.  Amnionic  sulphide  precipitates  the 
whole  of  the  thallium  as  brownish-black  thallous  sulphide,  inso- 
luble in  alkaline  sulphides.  Tliallous  salts  yield  precipitates  with 
the  hydracids  and  soluble  haloid  salts  (see  p.  635).  Thallium  com- 
pounds impart  to  the  non-luminous  flame  a  magnificent  emerald- 
green  coloration.     The  spectrum  of  the  thallium  flame  consists  of 


one  bright  green  line. 


INDIUM, 

Atomic  weight  =  113-4.  Frobahle  molecular  tueight  =  226-8.  Sp.gr. 
7*3  to  7*4.  Fuses  at  176°.  Atomicity  "'.  Evidence  of  atomi- 
city : — 

Indie  chloride    In'^Clg. 

Indie  hydrate     1b!"H.o^. 

History. — Indium  was  discovered  in  the  year  1863  by  Eeich  and 
Eichter  in  the  zinc  blende  of  Freiberg  by  means  of  the  spectroscope. 
It  received  its  name  from  the  characteristic  indigo-blue  line  which 
its  spectrum  exhibits. 
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Occurrence.-lndmrn  occurs  in  minute  traces  in  various  zinc 
blendes,  particularly  in  that  of  -Freiberg.     The  best  source  of  t  ! 
metal  is  the  zinc  from  Freiberg,  which  contains  on  an  average 
0-05  per  cent,  of  indium.  ^ 
Freparation.-F reiberg  zinc  is  treated  with  a  quantity  of  dilute 
hydrochloric  acid  or  sulphuric  acid  not  quite  sufficient  to  dissolve 
It,  and  is  boiled  with  the  liquid  until  gas  ceases  to  be  evolved  In 
this  way  any  indium  which  may  have  gone  into  solution  is  preci 
pitated  upon  the  undissolved  zinc.     The  spongy  metallic  mass 
which  remams,  and  which,  in  addition  to  indium  ^nd  zinc,  usually 
contains  lead,  arsenic,  cadmium,  copper,  tin,  and  iron,  is  dissolved 
m  nitric  acid  and  the  solution  boiled  down  with  sulphuric  acid 
until  all  the  nitric  acid  is  expelled,  after  which  it  is  diluted  with 
water,  filtered  from  plumbic  sulphate,  and  precipitated  with  a 
large  excess  of  ammonia.    The  precipitate,  which  contains  aU  the 
indium  and  iron,  along  with  traces  of  the  other  metals  present,  is 
washed,  dissolved  in  a  small  quantity  of  hydrochloric  acid,  and 
after  adding  hydric  sodic  sulphite,  boiled  untH  the  smell  of  sul- 
phurous anhydride  has  disappeared.    In  this  way  the  whole  of  the 
indium  is  precipitated  as  basic  indie  sulphite  hydrate  (see  Indie 
Sulphite).     It  is,  however,  still  contaminated  with  lead,  and,  in 
order  to  free  it  from  this  impurity,  it  is  dissolved  in  aqueous  sul- 
phurous acid,  separated  by  filtration  from  undissolved  plumbic 
sulphite  and  reprecipitated  by  boiling,  when  the  pure  basic  sul-. 
phite  is  obtained.  In  order  to  prepare  metallic  indium,  the  sulphite 
is  dissolved  in  hot  hydrochloric  acid,  the  solution-  precipitated 
with  ammonia,  and  the  precipitate  of  indie  hydrate  ignited  and 
afterwards  reduced  in  a  current  of  hydrogen. 

Frope7'ties.— Indium  is  a  non-crystalline,  silver-white,  lustrous 
metal.  It  is  softer  than  lead  and  very  malleable.  It  undergoes 
no  change  in  air  at  ordinary  temperatures,  but  when  strongly 
heated  in  air,  burns  with  a  blue  flame,  giving  off  a  brown  smoke 
of  indie  oxide  which  condenses  on  a  cold  surface  as  a  yellow  in- 
crustation. Water,  even  at  its  boiling-point,  is  without  action 
upon  the  metal.  Dilute  hydrochloric  and  sulphuric  acids  dissolve 
it  slowly  with  evolution  of  hydrogen  ;  nitric  acid  dissolves  it 
readily. 

COMPOUNDS  OF  INDIUM  WITH  THE  HALOGENS. 

Indie  chloride,  InClg. — Molecular  volv/me  n~l- — This  compound 
is  prepared  by  heating  the  metal,  or  a  mixture  of  the  oxide  with 
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carbon,  in  a  current  of  chlorine.  It  sublimes,  without  previous 
fusion,  in  soft  colourless  laminae.  It  is  deliquescent,  and  hisses 
when  thrown  into  water,  evolving  great  heat.  The  solution  may 
be  evaporated  on  the  water-bath  without  decomposition,  but  on 
heating  to  a  higher  temperature  to  expel  the  last  traces  of  water, 
hydrochloric  acid  is  evolved  and  oxyclilorides  are  formed. 

The  bromide  and  iodide,  which  resemble  the  chloride  in  their  properties,  may  be 
obtained  by  the  direct  union  of  their  elements. 

COMPOUNDS  OF  INDIUM  WITE  OXYGEN  AND 

HYDROXYI. 

In=0 
rinO  I 

Indie  oxide  <^0     .  0 

Lino  I 

ln=0 
.0— H 

Indie  hydrate   InHog.  Inf  0— H  , 

^0— H 

Indie  oxide,  IngOg,  is  formed  as  a  pale  yellow  powder  when 
the  metal  is  burned  in  air  or  oxygen.  It  may  be  prepared  by 
heating  the  hydrate  or  the  nitrate.    When  heated  it  becomes 

reddish-brown,  but  recovers  its  original  colour  on  cooling.  By 

heating  the  oxide  to  300°  in  a  current  of  hydrogen  a  black  powder 
is  obtained  which,  unless  allowed  to  cool  thoroughly  before  bring- 
ing it  in  contact  with  aii-,  is  pyrophoric.  It  appears  to  contain 
the  lower  oxide  'In"202. 

Indie  hydrate,  InHog,  is  obtained  as  a  white  gelatinous  pre- 
cipitate when  ammonia  is  added  to  the  solution  of  an  indium  salt. 
After  drying  at  100°  it  forms  a  white  horny  mass,  which  at  a 
higher  temperature  is  converted  into  the  oxide.  The  freshly 
precipitated  hydrate  is  soluble  in  excess  of  potash  and  soda,  but 
uot  in  ammonia.  It  separates  from  the  alkaline  solution,  slowly 
on  standing,  rapidly  on  boiling,  or  on  the  addition  of  ammonic 
chloride. 

OXY-SALTS  OF  INDIUM. 

Indie  nitrate.  ■S^O^Tno"\4,OB.^,  crystallises  from  its  neutral  aqueous  solution 
"  ith  difficulty.  Prom  solutions  containing  an  excess  of  nitric  acid  it  is  deposited  in 
tufts  of  deliquescent  needles. 

Indie  sulphate,  SgOelno'",,  does  not  crystallise.  By  evaporation  of  its  solution 
to  dryness  and  heating  to  100°  it  is  obtained  as  a  gummy  mass  having  the  coniposi- 
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tion  S308Tno"'2,90H2;  this -when  heated  to  300°  is  coiiTerted  into  the  anhydrous 
salt.  When  a  solution  of  indic  sulphate  containing  an  excess  of  sulphuric  acid  is 
evaporated  in  vacuo,  deliquescent  crystals  of  dihy&ric  di-indic  tetrasulfhate 
S403Ho2ln"'2,80F2,  are  deposited.  ' 
Diammonic  di-indic  tetrasulphate  {Indium  ammonia  alum), 

S40B(NH40)Jno"'2,240H2, 
crystallises  from  mixed  solutions  of  indic  and  ammonic  sulphates  in  well-defined, 
colourless,  regular  octahedra.  These  dissolve  in  half  their  weight  of  water  at  16'', 
and  in  a  quarter  of  their  weight  at  30°.  At  36°  the  crystals  fuse  in  their  water  of 
crystallisation,  and  from  the  solution  an  octo-aquate  is  deposited  in  monoclinie 
crystals.  Similar  octo-aquates  of  the  double  sulphates  of  indium  with  sodium  and 
potassium  have  also  been  prepared,  but  the  aquates  with  24,  aq.,  or  alums,  are  not 
known. 

India  sulphite. — A  basic  indic  sulphite  of  the  formula  |  j 

S3O3(02TnHo)"2(OInHo2)2,5OH2,  < 

fetrindic  trisulphite  Tiexdhydrate,  is  deposited  as  a  white  crystalline  powder  when 
the  solution  of  an  indium  salt  is  boiled  with  hydric  sodic  sulphite.  It  is  insoluble 
in  water,  but  readily  soluble  in  acids.  It  dissolves  in  aqueous  sulphurous  acid,  but 
is  reprecipitated  from  this  solution  by  boiling.  This  property  is  turned  to  account 
in  the  separation  of  indium  from  other  metals  (p.  640). 

COMPOUNDS  OF  INDIUM  WITH  SULPHUR. 

Indie  sulphide,  In2S"3,  is  obtained  as  a  brown  infusible  mass  by  the  direct  union 
of  its  elements  at  a  red  heat.  It  is  precipitated  as  an  amorphous  yellow  powder 
when  sulphuretted  hydrogen  is  passed  into  the  solution  of  an  indium  salt,  but  the 
precipitation  is  complete  only  when  the  liquid  is  kept  neutral  during  tlie  whole 
operation,  or  when  sodic  acetate  has  been  added. — Ammonic  sulphide  produces  in 
solutions  of  indium  salts  a  white  precipitate  of  a  sulphhydrate  which  dissolves  in  an 
excess  of  the  precipitant  on  heating  and  separates  out  again  on  cooling. — Indio 
sidphide  is  the  anhydride  of  a  sulpho-acid,  sulpMndic  acid,  InS"IIs.  Potassio 
sulphindate,  InS"Ks,  is  prepared  by  heating  together  1  part  of  indic  oxide,  6  parts 
of  potassic  carbonate,  and  6  parts  of  sulphur,  at  first  at  a  gentle  heat,  afterwards 
more  strongly.  On  extracting  the  cooled  mass  with  water  the  sulphindate  remains 
behind  in  the  form  of  bright  hyacinth-red,  quadratic  plates.  Acids  readily 
decompose  it. 

General  Properties  amd  Reactions  of  the  Compounds  of  • 
Indium. — The  salts  of  indium  with,  colourless  acids  are  colourless.  . 
Zinc  precipitates  the  metal  from  the  solutions  of  its  salts.  Caustic  : 
alkalies  precipitate  white  gelatinous  indic  hydrate,  slightly  soluble  > 
in  excess,  but  reprecipitated  on  boiling.  Sulphuretted  Jiyclrogm  » 
gives  no  precipitate  in  solutions  containing  an  excess  of  mineral  I 
acid  ;  from  acetic  acid  solution  indic  sulphide  is  precipitated.  The  ' 
same  precipitate  is  produced  by  ammonic  sulpMde.  The  compounds  : 
of  indium  colour  the  non-luminous  flame  dark-blue.  The  spectrum  > 
exhibits  an  intense  line  in  the  indigo  and  a  less  marked  line  in  the  f 
yiolet. 
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CHAPTEE  XXXVI. 

TETRAD  ELEMENTS. 

Section  II. 
ALUMINIUM,  Al. 

Atomic  weight  =  27.  Molecular  loeight  tinhnown.  Sp.  gr.  2"67. 
Fuses  abottt  700°.  Atomicity  i^,  hut  is  always  a  pseudo-triad. 
Evidence,  of  atomicity : — analogy  of  iron  and  chromium. 

History. — Aluminium  was  first  isolated  by  Wohler  in  the  year 
1827,  but  it  was  first  obtained  in  the  massive  form  by  Deville 
in  1854. 

Occurrence. — ^Aluminium  is,  with  the  exception  of  oxygen  and 
silicon,  the  most  abundant  and  widely  distributed  of  the  elements. 
It  is  always  found  in  combination  with  oxygen.  The  oxide  AljOg 
occurs  as  corundum,  ruby,  or  sapphire  ;  the  hydrate  as  hydrctrgillite, 
diaspore,  and  bauxite  ;  whilst  the  compound  silicates  of  aluminium 
with  other  metals  form  a  vast  number  of  important  minerals  which 
are  among  the  proximate  constituents  of  the  various  rocks  (see 
Silicates,  p.  346). 

Preparation. — Aluminium  cannot  be  reduced  directly  from  its 
oxide.  It  may  be  obtained  by  passing  the  vapour  of  the  chloride 
over  heated  potassium  or  sodium,  and  by  the  electrolysis  of  fused 
sodic  aluminic  chloride,  Al2Clg,21sraCl.  On  a  large  scale  alumi- 
nium is  prepared  from  bauxite,  a  native  aluminic  oxyhydrate  of 
the  formula  AlgOHo^,  in  which  a  portion  of  the  aluminium  is 
isomorphously  replaced  by  iron.  This  mineral  contains  about 
50  per  cent,  of  alumina.  When  heated  with  caustic  soda  in  a  re- 
verberatory  furnace  the  alumina  forms  sodic  aluminate,  Al202]Srao2, 
which  can  be  extracted  with  water,  whilst  the  iron  remains  behind 
as  insoluble  ferric  oxide.  ■  By  passing  carbonic  anhydride  through 
the  solution  of  the  aluminate,  aluminic  hydrate  is  precipitated, 
which  by  drying  and  heating  is  converted  into  alumina.  This  ia 
mixed  with  powdered  coal  and  common  salt,  and  the  mixture  is 
made  into  balls,  which  are  introduced  into  a  fire-clay  retort  and 
heated  to  whiteness,  while  a  current  of  dry  chlorine  is  passed 
over  them.    The  following  reaction  occurs  :— 
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AI2O3    +    3C    +    3CI2    =   Al^Clg    +  SCO. 

Alumina.  Aluminic  Carbonic 

chloride.  oxide. 

The  aluminic  chloride  volatilises  along  with  the  sodic  chloride  as 
sodic  aluminic  chloride,  which  is  condensed.  It  is  now  only 
necessary  to  reduce  this  double  chloride  with  sodium.  For  this 
purpose  the  double  chloride  is  heated  with  sodium  and  cryolite  (a 
native  sodic  aluminic  fluoride  of  the  formula  Al2Fg,6NaF),  this 
last  acting  as  a  flux.  In  practice  100  kilos,  of  the  double  chloride, 
35  kilos,  of  sodium,  and  40  kilos,  of  cryolite  are  employed  in  one 
operation.  This  mixture  is  heated,  with  gradual  rise  of  tempera- 
ture, on  the  hearth  of  a  reverberatory  furnace.  The  reduced 
aluminium  fuses  and  collects  on  the  hearth,  whence  it  is  drawn  off 
and  cast  into  ingots.  The  metal  thus  obtained  contains  iron  and 
silicon. 

Aluminium  may  also  be  prepared  from  cryolite  by  mixing  the  finely-powdered 
mineral  with  sodic  and  potassic  chloride  and  heating  the  mixture  in  a  crucible  witli 
sodium.    The  yield  by  this  method  is  small  and  the  metal  impure. 

Properties. — Aluminium  is  a  white  metal,  closely  resembling 
zinc  in  colour  and  hardness.  It  may  be  rolled  into  very  thin  foil, 
or  drawn  into  flne  wire,  and  possesses  at  the  same  time  great 
tenacity.  It  is  most  readily  worked  at  a  temperature  between 
100°  and  150°.  It  is  not  volatile  at  the  highest  temperatures 
that  can  be  artificially  produced.  It  is  not  oxidised  by  exposure 
to  the  air  at  ordinary  temperatures,  and  is  only  superficially 
oxidised  when  fused  in  oxygen ;  but  in  the  form  of  foil  or  wire  it 
may  be  burnt  in  oxygen,  and  emits  a  dazzling  white  Hght.  Alumi- 
nium, when  pure,  does  not  decompose  water,  even  at  a  red  heat,  but 
does  so  at  100°  if  the  aluminium  contains  traces  of  sodium.  It  is 
soluble  in  caustic  alkaline  solutions  and  in  hydrochloric  and  sul- 
pliuric  acids.  Nitric  acid  in  all  degrees  of  concentration  is  without 
action  upon  it.  Organic  acids  alone  scarcely  attack  it,  but  dissolve 
it  rapidly  in  presence  of  chlorides,  such  as  common  salt ;  a  fact 
which  precludes  its  employment  in  the  manufacture  of  utensils 
which  have  to  come  in  contact  with  food. 

Uses.— li^  lightness,  tenacity,  unalterability  in  air,  and  other 
valuable  properties,  together  with  the  abundance  of  its  occurrence 
in  nature,  would  probably  render  aluminium  one  of  the  most 
useful  of  metals,  were  it  not  for  the  difficulties  attendmg  its  pro- 
duction in  large  quantity.  For  many  purposes  it  might,  for 
example,  replace  zinc  and  iron.    At  present,  however,  it  is  chiefly 
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used  in  the  manufacture  of  various  physical  instruments,  especiaUy 
beams  of  delicate  balances,  in  which  a  combination  of  lightness 
and  inflexibihty  is  essential. 

Almninimn  hvnze.—A\\mmm\m  forms  aUoys  with  most  ot  the 
other  metals ;  those  with  copper  are  the  most  important.  Alumi- 
nium  bronze  is  an  alloy  containing  90  parts  of  copper  to  10  parts 
of  aluminium,  and  is  prepared  by  fusing  the  two  metals  together. 
Electrolytic  copper  is  generally  employed  for  this  purpose,  the 
quality  of  the  alloy  being  dependent  on  the  purity  of  the  copper. 
The  presence  of  iron  is  especially  prejudicial.  The  alloy  is  brittle 
at  first,  but  by  repeated  fusion  becomes  malleable.  It  has  the 
colour  of  gold,  and  resists  the  action  of  the  air.  It  yields  sharp 
castings,  and  is  more  easily  worked  than  steel.  Its  tenacity  is 
equal  to  that  of  cast  steel,  and  more  than  twice  that  of  gun-metal, 
whilst  its  resistance  to  flexure  is  thrice  that  of  gun-metal.  It  is 
employed  in  the  manufacture  of  imitation  gold  ornaments  and  of 
physical  instruments. 

Alloys  of  aluminium  with  silver  and  with  tin  have  also  found 
application  in  the  arts. 


COMPOUNDS  OF  ALUMINIUM  WITH  THE  HALOGENS. 

Aluminic  chloride,  AlgClg. — Molecular  volume  I  LI — This 
compound  is  formed  when  aluminium  is  heated  in  chlorine.  (Pre- 
paration, see  p.  644.) — If  contaminated  with  ferric  chloride,  which 
imparts  to  it  a  yellow  colour,  it  may  be  purified  by  mixing  it  with 
iron  filings,  or  better  with  aluminium  filings,  and  re-subliming. 
In  either  case  the  ferric  chloride  is  converted  into  the  much  less 
volatile  ferrous  chloride.  Aluminic  chloride  when  perfectly  pure 
is  a  white  crystalline  substance.  It  sublimes  readily  at  ordinary 
pressures  without  fusing,  but  may  be  fused  under  the  pressure  of 
its  own  vapour,  or  when  rapidly  heated  in  large  quantity.  By  sub- 
limation it  is  sometimes  obtained  in  hexagonal  tabular  crystals. 
It  attracts  moisture  from  the  air,  and  evolves  hydrochloric  acid. 
The  solution  of  the  metal  or  the  oxide  in  hydrochloric  acid  deposits 
on  concentration  colourless  needle-shaped  crystals  of  the  aquate 
Al2Clg,120Il2,  which  on  heating  are  decomposed  into  water,  hydro- 
chloric acid,  and  alumina.  Aluminic  chloride  forms  a  large  number 
of  compounds  with  the  chlorides  of  other  elements.  Potassic 
aluminic  chloride,  Al20lg,2KCl,  and  sodic  aluminic  chloride, 
Al2Cl6,2NaCl,  are  formed  when  aluminic  chloride  is  heated  witli 
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potassic  and  sodic  chlorides.  The  sodium  compound  fuses  without 
decomposition  at  185°  and  is  volatile  at  a  red  heat.  It  is  employed 
in  the  preparation  of  aluminium. 

Alumimc  bromide,  Al.;;Bv,.~Molecnlar  volume  nj—Alumimxim  and  bromine 
unite  with  incandescence  to  form  this  compound.  It  may  be  most  readily  obtained 
by  passing  bromine  vapour  over  a  red-hot  mixture  of  alumina  and  carbon.  It  mav 
be  purified  by  repeated  subHmation  with  aluminium  in  a  sealed  tube.  It  form's 
deliquescent,  colourless,  lustrous  laminae,  fusing  at  90^  and  boiling  between  265° 
and  2/0  .  Concentrated  aqueous  solutions  deposit  colourless  needles  of  the  aquate 
A1.2Br5,I20H2,  which  on  heating  are  decomposed  Uke  the  corresponding  chlorine 
compound.  Aluminic  bromide  forms  fusible  double  bromides  with  the  bromides  of 
the  alkali  metals  :  thus,  potassic  ahiminic  bromide,  Al2Brg,2KBr. 

Aluminic  iodide,  Al^l^.— Molecular  volume  HQ — This  compound  is  formed 
with  incandescence  when  aluminium  and  iodine  are  cautiously  heated  together  m  a 
sealed  tube.  It  is  also  formed  when  argentic  iodide  is  heated  with  aluminium 
filings.— Aluminic  iodide  is  a  white  crystalline  mass,  fusing  at  185°,  and  boiling  at 
360°.  Its  vapour  is  combustible,  and  forms  an  explosive  mixture  with  air.  The 
products  of  combustion  are  alumina  and  iodine.  It  is  decomposed  in  the  san  e 
way  when  heated  in  contact  with  air.  When  exposed  to  the  air  it  fumes  and 
deliquesces.  It  is  readily  soluble  in  water,  alcohol,  and  bisulphide  of  carbon.  It 
forms  an  aquate,  ALl5,120H2,  and  unites  witli  the  alkaline  bromides  to  form  double 
iodides,  all  of  which  compounds  closely  resemble  the  corresponding  chlorides  and 
bromides. 

Aluminic  fluoride,  Al^Fg,  is  formed  by  the  action  of  gaseous  or  aqueous  hydro- 
fluoric acid  upon  alumina  or  aluminic  hydrate.  At  a  bright  red  heat  it  sublimes 
in  colourless  rhombohedra,  closely  approximating  to  cubes.  It  is  insoluble  in 
water,  and  is  not  decomposed  by  acids. — Aluminic  fluoride  forms  insoluble  double 
fluorides  with  the  fluorides  of  the  alkali  metals.  The  most  important  is  aluminic 
sodic  fluoride,  Al2r5,6NaF,  which  occurs  as  the  mineral  er^oZi^e  in  enormous  deposits 
on  the  coast  of  G-reenland.  It  may  be  artificially  obtained  by  fusing  together  its 
component  fluorides.  It  forms  a  white,  translucent  mass.  It  is  decomposed  by 
sulphuric  acid  with  evolution  of  hydrofluoric  acid.  Boiling  with  caustic  alkalies, 
or  with  calcic  hydrate  and  water,  also  decomposes  it.  In  the  decomposition  with 
calcic  hydrate  insoluble  calcic  fluoride  is  formed,  whilst  sodic  aluminate  goes  into 
solution  : — 

Al3F6,6]N'aF  +  GCaHoo  =  eCaFj  -I-  AljNaoe  -I-  eOH,. 
Sodic  aluminic         Calcic  Calcic  Sodic  Water, 

fluoride.  hydrate.        fluoride.  aluminate. 

On  this  reaction  is  based  an  industrial  process  for  the  preparation  of  soda  and 
aluminium  salts  from  cryolite. 

COMPOUNDS  OF  ALUMINIUM  WITH  OXYGEN  AND 

HYDBOXYL. 

0 

Aluminic  oxide  {Alumina)  ..  |^^JqO-  0=A1 — A1=0. 
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Aluminic  hydrate  {Hy dr argil-  T  KYRo^    jj_0_ll— Al— 0— H.  ■ 

lite)   l^AlHog-  I  I 

H-0  0-H 

Aluminic  oxydihydrate  (Z'ia-f  AlOHo 
spm-c)  \_A10Ho' 


Aluminic  oxide  {Alumina),  AI2O3.— This  oxide  occurs  native 
in  hexagonal  crystals,  sometimes  colourless,  sometimes  variously 
coloured  owing  to  the  presence  of  other  oxides.  Crystallised 
alumina  is  harder  than  any  known  substance  with  the  exception 
of  the  diamond  and  crystallised  boron.  The  colourless  or  grey 
crvstals  are  known  as  corundum ;  the  red  crystals,  the  colour  of 
which  is  due  to  chromium,  constitute  the  gem  ruby;  whilst 
sapphires  are  crystals  of  alumina  coloured  blue,  probably  by  cobalt, 
lu  an  impure  state,  contaminated  with  iron  and  silica,  alumina 
occurs  in  large  masses  as  emery.  The  latter  mineral,  when  pow- 
dered and  levigated,  is  employed  for  grinding  and  polishing 
surfaces  of  glass  and  metal,  purposes  for  which  from  its  hardness 
it  is  admirably  suited.  Alumina  is  obtained  as  a  white  amor- 
phous powder  by  heating  the  hydrate  or  ammonia  alum  ;  in  the 
latter  case  it  is  difficult  to  expel  the  last  traces  of  sulphuric  acid. 
It  may  be  obtained  in  the  crystallised  condition  by  the  action  of 
aluminic  fluoride  upon  boric  anhydride  at  a  high  temperature. 
Fremy  and  Feil  have  prepared  crystallised  alumina  on  a  large 
scale  by  heating  together  equal  weights  of  alumina  and  red-lead  in 
a  clay  crucible  to  bright  redness  for  a  considerable  time,  sometimes 
as  much  as  twenty  days.  The  cooled  mass  consisted  of  two  layers  : 
one  a  vitreous  mass  of  plumbic  silicate,  the  silica  of  which  had 
been  derived  from  the  material  of  the  crucible  ;  the  other 
crystalline,  and  containing  cavities  which  were  filled  with  well- 
formed  crystals  of  corundum.  By  the  addition  of  from  2  to  3  per 
cent,  of  potassic  dichromate  to  the  above  mixture  crystals  of  ruby 
were  obtained ;  the  colour  of  sapphires  was  produced  by  adding  a 
small  quantity  of  cobaltous  oxide,  together  vvith  a  trace  of  potassic 
dichromate.  By  heating  a  mixture  of  equal  weights  of  alumina 
and  baric  fluoride,  with  a  small  quantity  of  potassic  dichromate 
for  a  length  of  time  to  a  very  high  temperature  in  a  glass  furnace, 
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magnificent  crystals  of  ruby  were  obtained.  The  reaction  in  this 
case  depends  upon  the  formation  of  aluminic  fluoride  which  is  then 
decomposed  by  the  furnace  gases.  The  crystals  of  ruby  are  deposited 
m  the  upper  part  of  the  crucible—Crystallised  or  strongly  ignited 
alumina  is  insoluble  in  acids  at  ordinary  pressures,  but  dissolves 
m  concentrated  sulphuric  acid  when  heated  with  it  in  sealed  tubes 
It  IS  also  attacked  by  fusion  with  hydric  potassic  sulphate  or 
potassic  hydrate,  after  which  treatment  it  dissolves  in  water 
Alumina  is  fusible  in  the  oxyhydrogen  flame. 

Aluminic  hydrate,  Al^Hog,  occurs  as  hydrargillite  in  small 
hexagonal  crystals.  When  ammonia  is  added  to  the  solution  of  an 
aluminium  salt  a  white  gelatinous  precipitate  is  formed,  which 
after  drying  at  ordinary  temperatures  has  the  composition 
AI2H06  2OH2.  This  when  heated  slightly  above  300°  is  converted 
into  ahimiMic  oxydiliydrate,  Al^O^Ho^,  a  compound  which  occurs 
m  nature  as  the  mineral  diaspore  in  rhombic  crystals.  An  aluminic 
oxyhydrate,  corresponding  with  the  formula  AlaOHo^,  aLmimiic 
oxytetrahydrate,  occurs  as  the  mineral  Icmxile,  but  a  portion  of  the 
aluminium  in  this  compound  is  isomorphously  replaced  by  iron. 
All  the  aluminic  hydrates  are  converted  into  the  oxide  by  heating. 
— Aluminic  hydrate  is  insoluble  in  ammonia,  but  when  freshly 
precipitated  dissolves  readily  in  acids  and  in  solutions  of  potassic 
and  sodic  hydrate.  When  dried  by  a  moderate  warmth,  or  when 
allowed  to  stand  under  water,  it  becomes  difficultly  soluble  in 
acids  and  alkalies. — Freshly  precipitated  aluminic  hydrate  dissolves 
in  a  solution  of  aluminic  chloride,  and  if  the  liquid  thus  obtained 
be  subjected  to  dialysis,  hydrochloric  acid  passes  through  the 
dialyser,  till  at  last  only  a  neutral  tasteless  solution  of  colloidal 
aluminic  hydrate  remains.  This  soluble  modification  of  aluminic 
hydrate  is  very  unstable :  the  solution  coagulates  after  standing 
for  some  days,  and  the  same  change  takes  place  immediately  on 
the  addition  of  traces  of  acids,  alkalies,  or  salts.  Aluminic  hydrate 
possesses  the  property  of  precipitating  organic  colouring  matters 
from  their  solutions.  Upon  this  property  the  application  of  the 
salts  of  alumina  as  mordants  in  dyeing  and  in  the  preparation  of 
the  so-called  lakes  depends. 

Aluminates. — Aluminic  osydibydrat-e  behaves  towards  stronger  bases  like  a  weak 
acid.  Its  salts,  in  which  both  the  hydrogen-atoms  of  the  oxydiliydrate  are  replaced 
by  metal,  are  known  as  aluminates.  The  aluminates  of  potassium  and  sodium  are 
prepared  by  dissolving  aluminic  hydrate  in  caustic  potash  or  soda  ;  by  evaporation 
in  vacuo,  the  potassic  aluminate  may  be  obtained  in  hard  lustrous  crystals  of  the 
formula  Al^O^KojjSO  ffo.    Sodic  aluminate,  AljO^Nao^,  has  not  been  obtained  in  tlie 
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crystallised  state.  It  is  used  as  a  mordant.  Beryllio  aluminate,  ALO.Beo  ,  occurs 
iu  uatui-e  as  the  mineral  chrysoheryl  in  green  rhombic  crystals.  The  aluminates  ot 
the  metals  of  the  magnesium  group  occur  in  nature  as  the  spineUes,  crystallised  m 
forms  belonging  to  the  regular  system.  Examples  of  these  are :  maynesic  almminate 
or  spinelle,  AloOoMgo",  and  zinoic  aluminate  or  zinc  spinelle,  AlaOoZuo".  The 
two  latter  compounds  may  be  prepared  artificially  by  passing  the  vapour  of 
aluminic  chloride  over  strongly  heated  magnesia  or  ziucic  oxide,  or  by  heating 
alumina  and  boric  anhydride  with  these  oxides  to  a  white  heat  for  several  days. 


0XY-SALT8  OF  ALUMINIUM. 

Aluminic  nitrate,  N60i2('Al"'206)^',180H2,  crystallises  from  a  concentrated 
solution  of  the  hydrate  in  nitric  acid  in  deliquescent  monoclinic  prisms.  On  lieating 
to  150°  the  salt  is  decomposed,  leaving  a  residue  of  alumina.  It  is  employed  in 
calico-printing  as  a  mordant. 

Aluminic  sulphate,  S306('Ar'206)^''',18OH2,  occurs  as  the 
mineral  keramohcdite.  It  is  prepared  on  a  large  scale  by  dissolving 
aluminic  hydrate,  obtained  from  cryolite  or  bauxite  and  as  free 
from  iron  as  possible,  in  sulphuric  acid  ;  or  by  decomposing  china 
clay,  a  hydrated  aluminic  silicate,  with  sulphuric  acid.  The  solu- 
tion is  evaporated  till  it  solidifies  on  cooling.  A  soft  mass  is  thus 
obtained  which  is  cut  into  blocks.  It  is  difficultly  crystallisable, 
and  forms  thin,  fiexible,  nacreous  laminae.  It  dissolves  in  twice  its 
weight  of  cold  water.  When  heated,  it  first  fuses  in  its  water  of 
crystallisation,  then  swells  up,  and  is  converted  into  a  white 
porous  mass  of  the  anhydrous  salt.  Aluminic  sulphate  is  employed 
as  a  mordant  and  in  weighting  paper. — Basic  sulphates  are  formed 
when  a  solution  of  the  normal  sulphate  is  precipitated  with  an 
insufliciency  of  ammonia,  or  by  boiling  its  solution  with  the  freshly 
precipitated  hydrate.  A  compound  of  this  class,  aluminic  sulphate 
tetraMjdrate,  S02('Al"'202Ho4)",70H2,  occurs  in  nature  as  the 
mineral  aluminite. 


The  Alums. 

Among  the  most  important  salts  of  alumina  are  the  double 
sulphates  which  it  forms  with  the  alkalies,  known  as  the  alums. 
Of  these  the  principal  are  potash  alum  or  common  alum,  dipotassic 

SO2K0-, 

gQ    I 

aluminic  tetrasulphatc,  CAr"206)^S24OH2,    and  ammonia 

SO2K0-I 

alum,  in  which  the  potassium  of  the  preceding  compound  is 
replaced  by  ammonium.    The  object  of  preparing  these  salts, 
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wliicli  are  extensively  used  by  the  dyer  and  calico-printer,  is  to 
obtain  compounds  of  alumina  in  a  very  pure  form,  and  especially 
as  free  from  ii-on  as  possible.    The  alumina  is  alone  valuable. 

The  name  alum  is  not  restricted  to  compounds  of  alumina:  it  is  employed  to 
designate  a  class  of  tetrasulphates  which,  Hke  potash  alum,  contain  in  their  mole 
cuJe  two  atoms  of  a  monad  metal  (or  the  equivalent  of  a  monad  metal,  such  as 
m-i,)  together  with  one  hexadic  metallic  group-of  which  'Al'"^  may  be  taken  as  a 
type-and  which  crystallise  with  24  aq.  in  regular  octahedra.  Almost  any  monad 
metal  may  enter  into  the  composition  of  an  alum:  thus,  besides  the  alums  above 
mentioned,  alums  have  been  prepared  containing  sodium,  cesium,  rubidium,  silver, 
and  thallium.  The  hexadic  group  'Al'''^  may  be  replaced  by  the  isomorphous 
groups  Cr'  'Fe'",,  and  'Mn'"^.  It  even  appears  that  this  group  of  two  pseudo- 
triads  may  be  replaced  by  two  true  triads  :  thus  an  ammonia  indium  alum  has 
been  prepared  containing  the  hexadic  group  In2  (p.  642). 

The  foUowing  system  of  nomenclature  is  as  a  rule  appUed  to  these  compounds. 
If  the  monad  metal  be  potassium,  the  name  of  this  metal  is  not  introduced  into  the 
name  of  the  compound  :  thus  chrome  alum  means  potassium  chromium  alum.  If 
the  hexadic  group  be  'Al"'2,  aluminium  is  not  named :  thus  by  ammonia  alum  is 
understood  ammonia  aluminium  alum.  If  Ihe  alum  contain  neither  potash  nor 
aluminium,  both  metals  present  must  be  named  :  thus,  ammonia  chrome  alum. 

Selenic  acid  forms  a  similar  series  of  alums.  These  may  be  regarded  as  sul- 
phuric alums  in  which  sulphur  has  been  replaced  by  the  isomorphous  selenium. 

SeO.ko-, 

The  potash  alum  of  this  series  has  the  formula  -^'^I'/'^Q^^vi  240H2. 

SeOoKo-l 

A  class  of  pseudo  alums  also  exists  in  which  the  two  monad  atoms  are  replaced 
by  oue  dyad  atom.  These  pseudo  alums  also  contain  24  aq.  in  the  molecule,  but 
do  not  crystallise  in  the  regular  system  (see  Pseudo  Alums) . 

A  solution  containing  two  or  more  octahedral  alums  deposits  octahedral  crys- 
tals, in  which  the  various  alums  present  may  be  contained  in  any  proportion. 

Potash  alum  crystallises  from  mixed  solutions  of  aluminic  and 
potassic  sulphates.  It  is  formed  in  nature,  especially  in  volcanic 
districts,  by  the  action  of  sulphurous  acid  and  oxygen  upon  rocks 
containing  potassic  and  aluminic  silicates.  In  the  neighboarhood 
of  ISTaples  and  at  Solfatara  it  occurs  in  quantity  sufficient  to  render 
its  extraction  profitable.  Large  quantities  of  very  pure  alum,  the 
so-called  Eoman  alum,  are  obtained  from  the  mineral  ahim  stom  or 
alunite,  a  basic  double  silicate  of  potash  and  alumina  of  the  formula 

SOHOKO,/  .  w,/   TT,  y,, 

SOHo  i^^^s) 

Q^TT  ^  ('Ar"2Ho^O.^)" ,  which  occurs  at  Tolfa  and  m  Hungary. 
iOT„\o('Al"'=H0303)"' 

The  mineral  is  mixed  with  fuel  and  roasted,  either  in  heaps  or  in 
kilns,  after  which  it  is  moistened  and  exposed  to  the  air  for  several 
weeks.  The  mass  gradually  disintegrates,  and  is  then  extracted 
with  water,  when  alum  goes  into  sohitipn  and  alumina  remains 
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behind.  The  liquid  is  concentrated  and  allowed  to  crystallise.— 
Alum  is,  however,  more  frequently  prepared  from  alum  shale,^  a 
bituminous  shale  containing  iron  pyrites  disseminated  through  its 
mass.  The  shale  is  exposed  in  heaps  to  the  air,  by  which  means 
the  iron  pyrites  (FeS'^  is  gradually  oxidised  to  ferrous  sulphate 
and  sulphuric  acid,  the  latter  of  which  then  decomposes  the 
aluminic  silicate  present  in  the  shale.  The  process  is  generally 
sliortened  by  first  roasting  the  shale,  in  order  to  effect  a  partial 
oxidation,  after  which  the  roasted  shale  is  moistened  and  exposed 
to  the  air  as  above  described.  The  oxidised  shale  is  lixiviated 
with  water  and  the  solution  evaporated.  A  considerable  quantity 
of  the  ferrous  sulphate  present  crystallises  out  and  is  removed. 
If,  however,  the  shale  has  been  exposed  to  the  air  for  a  sufficient 
length  of  time,  the  ferrous  sulphate  is  oxidised  to  ferric  sulphate, 
the  presence  of  which  is  less  objectionable.  The  concentrated 
mother  liquor  containing  aluminic  sulphate  is  now  heated  to  boil- 
ing, and  solid  potassic  sulphate  is  dissolved  in  it.  The  potassic 
sulphate  combines  with  the  aluminic  sulphate  to  form  alum.  If 
any  considerable  quantity  of  ferric  sulphate  is  present  it  is  advan- 
tageous to  add,  along  with  the  potassic  sulphate,  a  quantity  of 
potassic  chloride  equivalent  to  the  ferric  sulphate,  the  two  latter 
salts  yielding  by  double  decomposition  potassic  sulphate  and  the 
very  soluble  ferric  chloride.  The  presence  of  ferrous  sulphate  is 
objectionable,  as  a  loss  of  potassium  salt  is  occasioned  by  the 


SO2K0 

formation  of  ferrous  dipotassic  disulphate,     Feo"    .    The  hot 

ISO2K0 

solution,  wliich  now  contains  the  alum,  is  well  stirred  till  cold. 
In  this  way  the  alum  is  deposited  in  small  crystals,  which  are  less 
apt  to  retain  impurities  from  the  mother  liquor  than  the  large  crys- 
tals which  would  be  formed  were  the  liquid  permitted  to  cool 
undisturbed.  The  small  crystals,  known  as  ahtm  meal,  are  washed 
with  cold  water,  dissolved  in  boiling  water,  and  the  solution 
allowed  to  crystallise  in  large  barrels  with  movable  staves,  which 
are  afterwards  taken  to  pieces  in  order  to  remove  the  large  crystals 
of  alum  which  line  their  sides. — Alum  crystallises  in  large  colour- 
less transparent  regular  octahedra,  which  as  a  rule  also  exhibit 
subordinate  cubical  faces.  From  solutions  containing  free  caustic 
alkali,  or  basic  alum,  the  alum  crystallises  by  spontaneous  evapora- 
tion in  cubical  crystals,  which  have  exactly  the  same  composition 
as  octahedral  alum.    The  crystallised  alum  is  soluble  in  7  parts  of 
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water  at  20  ,  and  m  less  than  }  part  at  100°.  The  solution  has  a 
taint  acid  reaction  and  a  sweet  astringent  taste.  The  crystals  are 
insoluble  in  alcohol.  When  heated  they  fuse  in  their  water  of 
crystaUisation,  which  is  expelled  by  continued  heating,  leaving  a 
white  porous  mass  known  as  burnt  alum.  This  dissolves  slowly 
in  water.  Anhydrous  alum  may  be  obtained  in  six-sided  crystals 
by  fusing  alumina  with  hydric  potassic  sulphate,  and  removing 
the  excess  of  this  salt  from  the  fused  mass  with  hot  water. 
Ammonia  alum  {diavimonic  aluminic  tetrasulphate), 
SO^CNH.O)-- 1 

io.'ZIZZ  ('Ar,Oe)vi  240H,.-. 
S02(NH,0)-J 

This  compound  was  formerly  prepared  from  alum  shale  by 
methods  similar  to  those  employed  in  the  manufacture  of  potash 
alum.  The  roasted  shale  was  treated  with  sulphuiic  acid,  and  into 
the  acid  solution  of  aluminic  sulphate,  ammonia,  obtained  from  the 
ammoniacal  liquors  of  the  gas-works,  was  passed.  The  alum  was 
purified  by  crystallisation.  Since  the  introduction  of  cheap  potash 
salts  from  the  Stassfurt  beds,  the  manufacture  of  ammonia  alum  in 
England  has  practically  ceased.— Ammonia  alum  crystaUises  in 
large  colourless  octahedral  crystals,  in  appearance  indistinguishable 
from  the  potash  salt.  Its  solubility  is  also  almost  the  same  as  that 
of  potash  alum. 

Soda  alum.,  S^08Nao2('Al"'206)-'',240H2,  is  difficult  to  purify  on  account  of  its 
great  solubility.  It  dissolves  in  its  own  weight  of  water  at  ordinary  temperatures. 
It  is  not  manufactured. 

Aluminic  phosphates. — The  normal  orthophosphate,  ahtminie 
PO 

diphosphate,  pQCAl'^'gOg)",  is  obtained  as  a  hydrated  gelatinous 

precipitate  when  hydric  disodic  phosphate  is  added  to  the  neutral 
solution  of  an  aluminium  salt.  It  is  soluble  in  alkalies,  but  not 
in  ammonia ;  and  in  mineral  acids,  but  not  in  acetic  acid. — 
Various  basic  phosphates  of  alumina  occur  in  nature.  The  mineral 
wavellite,  which  forms  rhombic  crystals  or  radiating  masses,  is  a 
basic  phosphate  of  the  formula 

POCAr'^Ho^O^)' 


POCAr'^^Ho^Oa)"— ('Al%Ho303)'",90H2. 
POCAr'^^Ho^Oa)" — > 

Galaite,  which  when  coloured  greenish-blue  by  copper  constitutes 
the  gem  oriental  tttrquoise,  has  the  formula  POC'Ar"2Ho303)'",OH2. 
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Aluminic  silicates.— The  silicates  of  alumina,  both  simple 
and  compound,  form  a  large  class  of  important  minerals.  A 
detailed  description  of  these  belongs  rather  to  mineralogy  than  to 
chemistry;  but  the  names  and  formulfe  of  some  of  the  more 
important  may  be  here  given. 

Andalusite  {cUastolite  cyaw-"!  gj^Q//^y//  q  y/_ 
ite,Jibrolite,  sillimanite. .  . .  J       ^  21- 

Bucholzite  (xenotime)   glCAl^'gOe)^*  * 

Miloschine    SiHo,('Al- Ho.O^)". 

Allophane    SiHo,('AF",Ho,0,)-,(2  or  4)OH2. 

CoUyrite   SiHo,CAl'",Ho,0)2,40H2. 

Porcelain  clay  of  Passau. .  . .  |i^°2('Ar"2Ho204)''^. 


Kaolin  {porcelain  clay,  china 
clay)  


-< 


"SiHo-, 

0  CAl'^^Ho^OJiv. 
SiHo-" 


SiHo^n 

Eazoumoffskin   SiHo2-CAl"'206)^^ 

SiHo2^ 

Si 


Worthite   SiO), 


CAl-,HoO,)^ 


g.  \'A1- HoO,)^ 
SiHo3-| 

Cimolite  (kaolin  of  Ellenhogen)    g^Q  ('Al'"206)^ 


SiHog-l 
SiOHo-^ 

Agahnatolite   IjoH-^'-^^'^aOe)^'- 

SiOHo-' 

Malthacite   SigO  ^  ;Ro4^AM\0^y^. 

SiHojNao 
0 

Analcime   [-l-CAF'^Og)^'. 

O 

.SiHojlSrao 
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SiONao-n 

in 

Albite    iSiO— 


Sin — i 


LSiO 
SiONa 


  Si3oO,5¥ao2Lio,('Ar',06)vi^. 

Spodumene    Sii50i5Lio,CAl'"206)v 

Wernerite   Si2Cao'Y'Al'"206)^i. 

Prehnite  :   Si3Ho2Cao"2('Ar"206)vi. 


*4- 


Zoisite   _   SiCao'' (  4  0 


2^6' 


/Al-0,/ 

Saponite    Si7(Mgo"6Ho,o('Ar206)^. 

Topaz   ^h('^y\0,Y)XM'\0,¥^yy('Al'\0^-Fy'', 

(See  also  Silicates,  p.  348.) 

Ultramarine. 

Various  native  double  silicates  of  aluminium  with  other  metals 
contain  suJpliur  as  an  essential  constituent.    One  of  these,  a 
double  silicate  and  sulphide  of  aluminium  and  sodium,  forms  the 
mineral  lapis  lazuli,  prized  for  its  splendid  blue  colour,  aud 
employed  as  a  material  for  vases  and-  inlaid  or  mosaic  work.    It  is 
sometimes  found  crystallised  in  dodecahedra,  but  generally  occurs 
massive.    It  has  not  as  yet  been  found  possible  to  express  the 
composition  of  this  mineral  by  means  of  a  formula.    The  powdered 
mineral  was  formerly  employed  as  a  valuable  blue  pigmejit  under 
the  name  of  ultramarine,  a  substance  which  is  now  prejDared  arti- 
ficially.  For  this  purpose  china  clay  (p.  655)  is  heated  in  crucibles 
along  with  sodic  sulphate  and  charcoal.    The  sodic>  sulphate  is 
reduced  to  sodic  sulphide,  which  then  combines  with  the  aluminie 
silicate.    The  product  is  a  white  mass,  which,  however,  speedily 
becomes  green.    This  substance,  known  as  green  ultramarine,  is 
also  employed  as  a  pigment.    When  green  ultramarine  is  heated 
with  sulphur,  allowing  the  sulphur  to  burn  oft'  in  air,  it  assumes  a 
blue  colour,  and  is  thus  converted  into  tlie  ordinary  blue  ultra- 
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marine  of  commerce.  Tlie  same  change  is  effected  when  green 
ultramarine  is  heated  with  amnionic  chloride,  or  when  chlorine  is 
passed  over  it,  but  the  sulphur  method  is  employed  in  practice. 
No  difference  in  chemical  composition  can  be  detected  between  the 
crreen  and  the  blue  modification.  When  ultramarine  is  treated 
with  hydrochloric  acid,  it  is  decolorised  with  evolution  of  sul- 
phuretted hydrogen  and  separation  of  amorphous  silicic  acid.  It 
is  used  in  paper-staining,  in  calico-printing,  and  as  an  oil  paint. 

Porcelain  and  Pottery. 

Porcelain  and  pottery  in  all  their  forms  are  manufactured 
primarily  from  clay,  an  aluminic  silicate.  This  material  possesses 
sufficient  plasticity  to  allow  of  its  being  moulded  into  any  desired 
form,  whUst  by  the  action  of  heat  it  is  rendered  sufficiently 
hard  and  tenacious  to  resist  the  wear  of  every-day  use.  The 

fSiHon 

purest  clay  is  Tcaolin  or  china  clay,  -{  0  ('Al"' HOoO.)!"*",  which 
^  LSiHo-" 

is  formed  from  felspar,  SigOgKojCAr'gOg)'^!,  by  weathering,  the 
gradual  action  of  water  removing  the  potash  together' with  a  portion 
of  the  silicic  acid,  and  leaving  an  aluminic  silicate.  Kaolin  some- 
times occurs  in  six-sided  tablets,  but  generally  forms  a  white  or 
yellowish- white  mass.  The  commoner  clays  consist  of  kaolin  with 
various  impurities — calcic  and  magnesic  carbonates,  ferric  oxide, 
sand,  and  organic  matter.  Kaolin  does  not  fuse  when  heated,  but 
bakes  together  into  a  hard  porous  mass;  in  order,  therefore,  to 
increase  the  durability  of  utensils  manufactured  from  it,  the  kaolin 
is  mixed  with  some  fusible  material,  technically  known  as  a  frit, 
which  by  its  fusion  binds  the  whole  together.  The  materials  added 
are  ground  felspar,  quartz-sand,  chalk,  gypsum,  bone-ash,  and  sodic 
or  potassic  carbonate — the  nature  of  the  frit  varying  with  the 
quality  of  the  ware  required.  The  materials  are  carefully  ground 
under  water  and  mixed.  The  mixing  is  an  operation  of  great 
nicety,  inasmuch  as  it  is  necessary  to  preserve  the  same  composi- 
tion of  the  mixture  for  a  given  kind  of  ware ;  and  as  the  composi- 
tion of  the  clay  is  apt  to  vary,  this  constancy  of  composition  can 
only  be  attained  by  suitably  varying  the  proportions  of  the  other 
ingi-edients :  thus,  if  the  clay  should  happen  to  contain  a  larger 
quantity  of  silica,  less  quartz-sand  will  have  to  be  added,  and  so 
on.  The  presence  of  organic  matter  is  objectionable,  as  organic 
substances  disengage  gas  during  the  firing,  and  are  thus  liable  to 
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spoil  the  work.  By  fallowing  the  mixture  to  stand  in  a  moist  state 
for  a  considerable  length  of  time,  the  organic  matter  undergoes 
putrefaction,  and  is  thus  got  rid  of  The  plastic  mass  is  tlien 
moulded  into  the  required  form,  either  on  the  potter's  wheel  or  by 
means  of  moulds.  The  articles  are  then  aUowed  to  dry  at  ordinary 
temperatures,  and  are  then  in  some  cases  subjected  to  a  preliminary 
process  of  firing  at  a  relatively  low  temperature,  known  as  hakina 
after  which  they  are  glazed.  The  glaze  is  of  various  kinds,  accord- 
ing to  the  nature  and  quality  of  the  ware ;  but  in  every  case  it 
consists  of  some  material  which  in  the  subsequent  firing  fuses,  and 
imparts  to  the  porous  ware  a  smooth  vitreous  surface,  impermeable 
to  liquids.  The  glaze  is  generally  employed  in  the  form  of  a  fine 
powder,  which  is  either  suspended  in  water,  into  which  the  baked 
articles  are  dipped,  or  is  dusted  upon  their  surface.  Another  mode 
of  glazing  consists  in  volatilising  in  the  porcelain  kiln  some 
material  which  is  thus  deposited  on  the  surface  of  the  articles,  and 
forms  with  the  silica  which  they  contain  a  fusible  glaze  (salt- 
glazing).  The  finer  sorts  of  porcelain  and  earthenware  are  not 
exposed  to  the  direct  action  of  the  flame  in  firing,  but  are  enclosed 
in  fire-clay  crucibles,  known  as  saggers,  by  which  means  they  are 
protected  from  the  action  of  the  smoke  and  ash.  The  porcelain 
kiln  consists  of  a  tall  reverberatory  furnace,  divided  usually  into 
three  stories  or  floors,  through  which  the  flame  passes.  The  upper 
story  is  employed  for  baking,  the  two  lower  for  firing.  The  firing 
is  continued  during  eighteen  hours,  after  which  the  kiln  is  allowed 
to  cool  slowly  for  three  or  four  days  in  order  to  anneal  the 
ware. 

Porcelain  or  China. — This  is  the  finest  description  of  ware. 
It  was  manufactured  in  China  before  the  Christian  era ;  but  the 
art  of  making  true  porcelain  was  not  discovered  in  Europe  till  the 
commencement  of  the  18  th  century.  There  are  two  chief  classes 
of  porcelain  :  hard  porcelain,  to  which  class  the  Chinese,  German 
and  Sevres  porcelain  belong  ;  and  tender  porcelain,  produced  especi- 
ally in  England.  Great  care  has  to  be  exercised  in  the  selection 
of  the  materials  in  order  that  the  resulting  porcelain  may  be  colour- 
less. The  presence  of  ferric  oxide  and  organic  matter  is  to  be 
avoided.  The  purest  kaolin  forms  the  basis  of  all  porcelain ;  and 
upon  the  nature  of  the  frit  the  difference  in  properties  of  tlie 
various  kinds  of  porcelain  depends.  In  the  case  of  hard  porcelain, 
the  frit  consists  of  calcic  and  potassic  silicates  :  thus  the  paste 
employed  at  Sevres  for  ornamental  porcelain  has  the  composition : — 
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Waslied  kaolin,  62  parts;  clialk,  4;  quartz-sand,  17  ;  felspar,  17. 
The  glaze  for  this  porcelain  consists  of  a  mixture  of  felspar  and 
quartz.  In  the  case  of  English  porcelain,  a  frit  consisting  of  bone- 
ash  or  a  mineral  phosphate,  together  with  borax,  is  employed. 
Tliis  frit  is  much  more  fusible  than  the  preceding,  and  the  porcelain 
thus  obtained  is  softer.  This  porcelain  is  glazed  with  an  easily 
fusible  mixture  of  bone-ash,  plumbic  oxide,  potashes,  sand,  and 
borax.  Tender  porcelain  must  be  baked  before  applying  the  glaze, 
and  then  fired ;  hard  porcelain  is  sometimes  glazed  after  drying  at 
ordinary  temperatures.  The  reason  for  this  difference  in  treatment 
is  to  be  found  in  the  fact  that  in  the  case  of  tender  porcelain  the 
glaze  is  very  much  more  fusible  than  the  mass,  whilst  with  hard 
porcelain  this  is  not  the  case. 

Porcelain  forms  a  white,  translucent,  homogeneous  mass.  Hard 
porcelain  resists  sudden  changes  of  temperature  and  the  action  of 
acids  and  alkalies  much  better  than  glass,  and  is  for  this  reason 
employed  in  the  manufacture  of  laboratory  vessels. 

Stoneivare  differs  from  porcelain  in  being  always  opaque  and 
generally  more  or  less  coloured.  The  materials  employed  are  not 
so  pure,  and  generally  contain  ferric  oxide.  It  is  more  fusible  than 
porcelain.  In  order  to  glaze  this  ware,  the  process  known  as  salt- 
glazing  is  employed.  The  articles  to  be  glazed  are  dipped  in  sand 
and  water,  and  then  gradually  heated  to  a  very  high  temperature 
in  the  kiln.  A  quantity  of  common  salt  is  then  thrown  into  the 
kiln.  The  salt  volatilises,  forming  with  the  sand  a  fusible  sodic 
silicate,  which  combines  with  the  other  silicates  present  to  yield  a 
glass  or  glaze,  and  coats  the  ware,  rendering  it  impervious  to 
water.  The  explanation  of  the  process  is  as  follows :  Silicic  anhy- 
dride alone  is  not  capable  of  decomposing  sodic  chloride  at  any 
temperature ;  but  when  the  two  substances  are  strongly  heated 
together  in  presence  of  the  vapour  of  water,  hydrochloric  acid  is 
expelled  and  sodic  silicate  formed  : — 

SiO^    +    2NaCl    +  =    SiONaOg    -f-  2HC1. 

J}^'f%  S°dic  Water.  Sodic  HydrocUoric 

anhydride.         chloride.  silicate.  acid. 


The  water  is  furnished  by  the  combustion  of  the  fuel.  At  the 
■same  time  another  portion  of  sodic  chloride  acts  upon  the  ferric 
silicate  contained  in  the  clay,  yielding  sodic  siHcate  and  volatHe 
iiemc  chloride 
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Si303('Fe'"206)-^    4-    6NaCl    =    SSiONao^    +  Pe^Clg. 

Ferric  silicate.  Sodic  chloride.       Sodic  silicate.       Ferric  chloride. 

The  iron  present  on  the  outer  surface  of  the  ware  is  thus  removed. 

Earthenware. — This  ware  differs  from  the  two  preceding  varie- 
ties, inasmuch  as  no  fusion  or  vitrification  occurs  during  firing,  and 
the  body  of  the  ware  remains  porous.  A  piece  of  unglazed 
earthenware  adheres  to  the  tongue.  In  the  manufacture  of  fine 
earthenware  a  paste  is  employed  consisting  of  a  mixture  of  fine 
plastic  clay  and  ground  flints.  This  mass  burns  white  on  firing, 
and  is  afterwards  glazed  with  an  opaque  lead  glaze.  Common 
earthenware  is  prepared  from  inferior  clay. 

In  the  manufacture  of  common  pottery  ware — bricks,  flower- 
pots, &c. — impure  clays  are  employed.  The  colour,  red  or  yellow, 
is  due  to  the  presence  of  ferric  and  other  oxides  in  the  clay. 

Fire-bricks,  melting  crucibles,  and  other  articles  which  are 
required  to  resist  a  high  temperature,  are  prepared  from  a  pure  clay 
rich  in  silica.  In  order  to  lessen  the  shrinkage  which  this  clay 
suffers  in  firing,  a  quantity  of  finely  powdered  burnt  clay  (broken 
pots  of  the  same  material)  is  added. 

COMPOUND  OF  ALUMINIUM  WITS  SULPEUE. 

Aluminic  sulphide,  Al2S"3,  is  formed  as  a  black  mass,  -which  acquires  metallic 
lustre  under  the  burnisher,  by  the  union  of  aluminium  with  sulphur  at  a  red  heat, 
and  may  also  be  obtained  as  a  white  vitreous  substance  by  passing  the  vapour  of 
carbonic  disulphide  over  alumina  heated  to  whiteness  : — 

2AI.O3       +       3CS"2       =       2Al2S"3       +  3C0,. 
Aluminic  Carbonic  Aluminic  Carbonic 

oxide.  disulphide.  sulphide.  anhydride. 

Water  decomposes  it,  yielding  aluminic  hydrate  and  sulphuretted  hydrogen.^  ■ 
Alkaline  sulphides  and  sulphhydi-ates  precipitate  aluminic  hydrate  from  solutions  of  f 
aluminium  salts. 

General  Properties  and  Eeactions  of  the  Compounds  01 ' 
Aluminium. — The  salts  of  aluminium  with  colourless  acids  are  • 
colourless.  They  have  a  sweet  but  very  astringent  taste.  Their  : 
solutions  redden  blue  litmus.  Caustic  alkalies,  ammonia,  amrrwnic  ' 
carbonate,  haric  carbonate,  and  ammonic  sulphide,  all  precipitate  ! 
aluminic  hydrate— in  the  case  of  the  carbonates  with  evolution  of  I 
carbonic  anhydride,  and  in  the  case  of  ammonic  sulphide  with  evo-  ■ 
lution  of  sulphuretted  hydrogen.  The  precipitate  is  readily  soluble  : 
in  caustic  alkalies,  only  very  sparingly  soluble  in  ammonia.  If ' 
aluminium  compounds  be  ignited  before  the  blowpipe,  then  mois-  ■ 
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tened  with  cobaltous  nitrate  and  again  ignited,  a  pale  blue  mass 
(Thenard's  blue)  is  obtained.  Aluminium  compounds  do  not  colour 
the  non-luminous  flame.  The  spark-spectrum  of  aluminium  is  very 
complex. 

GALLIUM,  Ga. 

Atomic  xceight  =  68-8.  Molecular  weight  unhnoivn.  Sp.  gr.  5"9. 
Fuses  at  30-1°.  Atomicity  i^,  lut  is  akoays  a  pseudo-triad. 
Evidence  of  atomicity :  analogy  with  aluminium. 

History— GsiRinm  was  discovered  in  1875  by  Lecoq  de  Bois- 
baudran  with  the  aid  of  the  spectroscope. 

Occurrence. — Gallium  is  one  of  the  rarest  elements.  It  occurs 
in  minute  traces  in  the  zinc  blende  from  Pierrefitte  in  the  Pyrenees, 
from  Austria  and  from  Bensberg.  The  blende  from  the  latter 
source,  which  is  the  richest  in  gallium,  contains  only  0'0016  per 
cent,  of  this  metal. 

Extraction. — The  zinc  ores  containing  gallium  are  dissolved  in 
acid — hydrochloric  acid,  sulphuric  acid,  or  aqua-regia,  according  to 
the  nature  of  the  ore — and  the  solution  is  partially  precipitated  with 
metallic  zinc.  The  gallium,  along  with  the  other  foreign  metals 
originally  contained  in  the  zinc  ore,  is  precipitated  upon  the  zinc. 
The  precipitate  is  redissolved  in  hydrochloric  acid  and  the  solution 
again  treated  with  metallic  zinc.  This  precipitate  is  again  dis- 
solved in  hydrochloric  acid,  and  sulphuretted  hydrogen  is  passed 
into  the  solution.  The  liquid  is  filtered  from  sulphides  and,  after 
expelling  the  sulphuretted  hydrogen  by  boiling,  is  fractionally 
precipitated  with  sodic  carbonate  as  long  as  spectroscopic  exami- 
nation shows  the  presence  of  gallium  in  the  fractions.  The  various 
fractions  are  dissolved  in  sulphuric  acid,  the  solution  evaporated  to 
dryness,  and  the  residue  heated  so  as  to  expel  the  excess  of  acid. 
On  treating  with  hot  water,  basic  gallic  sulphate  separates,  and 
must  be  filtered  off  hot.  Tlie  basic  sulphate  is  dissolved  in  the 
smallest  possible  quantity  of  sulphuric  acid,  and,  after  adding 
ammonic  acetate,  the  gallium  is  precipitated  from  the  solution  as 
sulphide  by  means  of  sulphuretted  hydrogen.  In  order  to  obtain 
metallic  gallium  the  sulphide  is  again  dissolved  in  sulphuric  acid 
and,  after  adding  an  excess  of  caustic  potash,  in  which  the  gallic 
hydrate  is  soluble,  the  liquid  is  subjected  to  electrolysis,  employing 
electrodes  of  platinum.  The  electrolytically  deposited  gallium  is 
washed  with  dilute  nitric  acid,  and  is  then  pure. 

2  U  2 
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Properties. — Gallium  is  a  Lluisli-wliite  metal  of  sp.  gr.  5-9.    It  ■ 
fuses  at  the  low  temperature  of  301°,  and  remains  for  a  long  time' 
in  a  state  of  superfusion,  even  at  0°  but  when  touched  with  a  piece 
of  the  solid  metal  instantly  solidifies  in  pyramidal  crystals.  The 
metal  when  fused  is  silver- white  and  more  lustrous  than  in  the  solidi 
state.  It  dissolves  with  evolution  of  hydrogen  in  hydrochloric  acidi 
and  in  caustic  potash.   Nitric  acid  is  almost  without  action  upon  it 
in  the  cold,  but  dissolves  it  on  heating.    Wlien  a  solution  of  gallic 
chloride  is  warmed  with  metallic  zinc,  gallic  oxide  or  a  basic  salt  isi 
precipitated. 

COMPOUNDS  OF  GALLIUM. 

Gallic  cliloride,  'G-a"'2Cl6,  forms  soluble,  deliquescent,  colourless  needles.  Exce 
of  water  decomposes  it  with  separation  of  an  oxy-chloride. 

Gallic  oxide,  'Gra"'203,  is  a  white  precipitate  insoluble  ia  water,  but  soluble  ini 
caustic  alkalies  and  in  ammonia. 

S02~, 

Gallic  sulphate,  SOj — ('Gra'"208)''',  is  very  soluble.    From  mixed  solutions  o 

this  salt  with  ammonic  sulphate,  regular  crystals  of  ammonium  gallium  almi_ 

S02A.mo-| 
or)  

qq;^.  ('Ga"'206)",240H2,  are  deposited. 

S02Amo-> 

General  Properties  and  Eeactions  of  the  Compounds  op 
Gallium. — Gallium  is  most  readily  recognised  by  means  of  it^ 
spark  spectrum,  which  consists  of  two  lines  in  the  violet.  Th 
flame  spectrum  shows  only  one  of  these  lines,  and  that  but  faintly. 
The  other  characteristic  properties  of  the  gallium  compounds  ar 
given  above. 


CHAPTER  XXXYII. 

metals  of  the  rare  earths. 

The  metals  of  this  group  occur,  generally  together,  in  a  fevi 
rare  minerals.  Their  separation  is  a  matter  of  extreme  difficulty 
owing  to  the  similarity  of  their  compounds.  Indeed  it  is  doubtfu 
in  the  case  of  most  of  them  whether  pure  compounds  have  eve. 
been  obtained — a  fact  pointed  to  by  the  discrepant  results  arriveft 
at  by  careful  experimenters  in  the  determination  of  the  atorau 
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weights  of  these  elements.  The  most  important  metals  of  this 
group  are  ceriuui,  lanthanum,  didymium,  yttrium,  and  erbium. 

TETRAD  ELEMENTS. 

Section  III. 
CERIUM,  Ce. 

Atomic  lueiglit  =  140"5.  Molecular  weight  unJcnoion..  8p.  gr. 
6"728.  Atomicity  also  a  pseudo-ti^iad.  Evidence  of  atom- 
icity : — 

Cerous  chloride 

Ceric  oxide     Ce^'^Og. 

History. — Ceria  was  discovered  by  Klaproth  in  1803,  but  was 
first  recognised  as  the  oxide  of  a  new  metal  by  Berzelius  and 
ii  Hisinger. 

Occurrence. — Cerium  always  occurs  together  with  lanthanum 
;  and  didymium.    The  most  abundant  source  of  these  three  metals 
is  the  mineral  cerite,  in  which  they  occur  as  silicates.    They  also 
occur  in  monazite  as  phosphates,  and  in  fluocerite  as  fluorides. 

Preparation. — Separation  of  Cerium,  Lanthanum,  and  Didy- 
nvkm. — Finely  powdered  cerite  is  mixed  with  concentrated  sul- 
phuric acid  so  as  to  form  a  thick  cream,  and  the  mixture  is  heated 
in  a  Hessian  crucible — first  gently  in  order  to  expel  the  acid, 
finally  to  low  redness.  The  cooled  contents  of  the  crucible  are 
powdered  and  added  in  small  portions  at  a  time  to  water  at  0°, 
great  care  being  taken  to  avoid  any  rise  of  temperature.  The 
solution,  after  filtering  from  sand  and  other  insoluble  matters,  is 
treated  with  sulphuretted  hydrogen  in  order  to  precipitate  copper, 
bismuth,  molybdenum,  and  lead.  After  removing  these,  chlorine 
is  passed  in  to  reoxidise  the  iron  and,  after  acidifying  with  hydro- 
chloric acid,  oxalic  acid  is  added  in  excess.  In  this  way  the 
cerium,  lanthanum,  and  didymium — together  with  any  yttrium 
and  erbium,  if  present — are  precipitated  as  oxalates.  The  precipi- 
tate is  strongly  ignited,  by  wliich  means  the  oxalates  are  converted 
into  oxides.  These  are  dissolved  in  nitric  acid  and  the  solution 
evaporated  to  a  syrup.  The  syrupy  solution  is  then  diluted  witli 
water  and  poured  into  a  large  excess  of  boiling  water  containing 
2  c.c.  of  sulphuric  acid  to  the  litre.    The  cerium  is  thus  precipi- 
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tated  as  a  basic  eerie  sulphate.  This  precipitate  is  dissolved  in- 
sulphiaric  acid  and  re-precipitated  as  basic  sulphate  by  agaiu 
pouring  into  boiling  water,  repeating  these  operations  until  the 
solution  of  the  cerium  salt  in  sulphuric  acid  no  longer  shows  the 
absorption  spectrum  of  didymium.  The  cerium  compound  may 
then  be  regarded  as  pure.  . 

In  order  to  obtain  the  lanthanum  and  didymium  from  the 
filtrate  from  the  first  precipitation  of  basic  eerie  sulphate,  this 
liquid  is  first  boiled  with  pulverised  magnesite,  which  precipitates 
the  rest  of  the  cerium  as  oxide,  whilst  the  lanthanum  and  didy- 
mium remain  in  solution.  The  lanthanum  and  didymium  are 
then  precipitated  by  the  addition  of  oxalic  acid  to  the  solution 
acidified  with  hydrochloric  acid,  the  oxalates  are  converted  as 
above  into  oxides,  these  are  dissolved  in  sulphuric  acid,  the 
solution  is  evaporated  to  dryness,  and  the  salt  heated  to  low  red- 
ness. The  anhydrous  sulphates  thus  obtained  are  dissolved  in  five 
times  their  weight  of  ice-cold  water,  adding  the  salt  to  the  water 
in  small  quantities  at  a  time,  and  never  allowing  the  temperature 
to  rise  above  5°.  On  warming  the  solution,  the  greater  part 
of  the  lanthanum  separates  out  as  a  sulphate  of  the  formida 
S30gLao'"2;90H2,  carrying  down  with  it,  however,  a  small  quantity 
of  didymium.  This  precipitate  is  filtered  off  hot,  employing  a  hot- 
water  funnel;  the  solution  is  reserved  for  the  preparation  of  a 
])ure  didyndum  compound.  In  order  to  free  the  precipitate  of 
lanthanous  sulphate  from  didymium,  it  is  necessary  to  repeat  the 
operations  of  dehydrating  at  low  redness,  dissolving  in  ice-cold 
water  and  precipitating  by  warming  the  solution,  until  the  solution 
no  longer  shows  the  spectrum  of  didymium.  For  this  purpose 
from  six  to  eight  repetitions  of  this  series  of  operations  are 
generally  necessary. 

In  order  to  obtain  a  pure  didymium  salt  tlie  mother  liquor  from 
the  first  precipitation  of  the  lanthanous  sulphate  is  fractionally 
precipitated  with  oxalic  acid.  When  the  oxalic  acid  is  very 
gradually  added,  the  precipitate  which  is  at  first  formed  redis- 
solves  ;  but  at  length  a  point  is  reached  when  a  permanent  pre- 
cipitate of  crystalline,  pink-coloured  didymous  oxalate  separates 
out.  This  oxalate  is  converted  into  oxide,  then  into  sulphate, 
which  is  fractionally  precipitated  in  the  same  way.  After  several 
repetitions  of  this  treatment  a  product  is  obtained,  from  the  spark- 
spectrum  of  which  the  lanthanum  lines  are  absent. 

The  metals  were  originally  prepared  by  heating  the  chlorides 
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with  sodium.  -They  may,  however,  be  obtained  more  readily  and 
in  a  state  of  greater  purity  by  the  electrolysis  of  the  fused 
clilorides. 

Properties.— Metallic  cerium  possesses  the  colour  and  lustre  oi 
u-on.  It  is  malleable  and  ductile.  It  tarnishes  in  moist  air.  Its 
fusing-pomt  lies  between  those  of  antimony  and  silver.^  When 
heated  in  air  it  burns  even  more  brilliantly  than  magnesium.  It 
slowly  decomposes  cold  water.  Dilute  sulphuric  and  hydrochloric 
acids  rapidly  dissolve  it  with  evolution  of  hydrogen;  but  cold 
concentrated  sulphuric  acid  and  concentrated  nitric  acid  are 
without  action  upon  it. 

COMPOUNDS  OF  CERIUM. 

Cerous  chloride,  'Ce'^aCle-— Finely-divided  metallic  cerium  in- 
flames when  thrown  into  chlorine,  yielding  a  yeUowish-white  deli- 
quescent mass  of  cerous  chloride.  This  compound  is  also  formed 
when  chlorine  is  passed  over  a  strongly  heated  mixture  of  cerous 
oxide  and  carbon.  When  a  solution  of  the  oxide  in  hydrochloric 
acid  is  evaporated  over  sulphuric  acid,  an  aquate  of  the  formula 
'Ce"'2Cl6,50Il2  is  obtained  in  crystals.  On  heating,  tliis  salt  is 
decomposed  with  formation  of  an  oxy-chloride,  but  by  the  addition 
of  ammonic  chloride  this  decomposition  may  be  prevented  and  the 
anliydrous  chloride  obtained. 

The  bromide  and  iodide  have  also  been  prepared. 

Cerous  fluoride,  'Ce'"2F6,  is  a  white  precipitate. — Ceric  fluoride,  CeF4,OIl2,  is  a 
brownish  powder  obtained  by  the  action  of  hydrofluoric  acid  upon  ceric  hydrate. 
When  cautiously  heated  it  first  loses  water  and  a  part  of  its  fluorine  as  hydrofluoric 
acid ;  on  lieating  more  strongly,  a  gas  is  given  ofE  which  smells  like  chlorine  and 
liberates  iodine  from  a  solution  of  potassic  iodide — probably  free  fluorine  (Brauner) . 

Cerous  oxide,  'Ce"'20^,  is  formed  when  the  oxalate,  or  the  car- 
bonate, or  ceric  oxide,  is  heated  in  a  current  of  hydrogen.  It  is  a 
bluish-green  powder,  which  absorbs  oxygen  from  the  air,  and  is 
converted  into  ceric  oxide. — Cerous  hydrate  is  thrown  down  as  a 
bulky  white  precipitate  when  a  caustic  alkali  is  added  to  the  solu- 
tion of  a  cerous  salt.  Exposure  to  the  air  colours  it  yellow,  owing 
to  oxidation. 

Ceric  oxide,  CeOj,  is  obtained  by  heating  the  oxalate  or  the 
nitrate  in  air  or  oxygen.  Thus  prepared  it  forms  a  colourless  or 
faint-yeUow  powder,  but  by  heating  cerous  chloride  with  borax  in 
a  wind  furnace  for  forty-eight  hours,  it  may  be  obtained  in  crystals 
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belonging  to  the  regular  system.  On  heating,  it  becomes  darker  in 
colour,  but  resumes  its  original  tint  on  cooling.  Hydrochloric 
acid  dissolves  it,  yielding  a  yellow  solution,  which  when  warmed 
evolves  chlorine,  and  then  contains  cerous  chloride.  With  con- 
centrated sulphuric  acid  it  also  yields  a  yellow  solution,  which 
possesses  oxidising  properties  and  evolves  ozonised  oxygen.— The 
hydrate  has  the  formula  CegOHog. 

Cero^cs  nitrate,  ■S^O,.{'Ce"' ^0^)^^,120^^,  is  best  prepared  by  dissolving  eerie 
oxide  in  nitric  acid  with  the  addition  of  alcohol,  the  latter  substance  acting  as  a 
reducing  agent.    It  forms  a  crystalline  mass. 

CeHc  nitrate,  N^O^Ceo''',  is  formed  when  eerie  oxide  is  dissolved  in  concentrated 
nitric  acid.  It  is  soluble  in  strongly  a<;id  solutions,  but  excess  of  water  decomposes 
it  with  separation  of  a  basic  salt.    It  forms  double  salts  with  other  nitrates. 

Cerous  sulpliate,  ^^0^(^G%"\0^y\'dO^^,  is  deposited  in  large 
octahedra  or  prisms  when  a  solution  of  eerie  oxide  in  sulphuric 
acid  is  mixed  with  alcohol  or  sulphurous  acid  and  allowed  to 
evaporate  spontaneously.  Hot  solutions  deposit  the  anhydrous 
salt  in  minute  crystals,  which  are  soluble  in  six  parts  of  cold  and 
sixty  parts  of  boiling  water. — Cerous  potassic  sulphate, 

SfiO,,KoeCCe-06)vi, 

separates  as  a  white  crystalline  powder  when  an  excess  of  potassic 
sulphate  is  added  to  a  solution  of  the  preceding  salt.  It  is  sparingly 
soluble  in  water,  and  almost  insoluble  in  a  concentrated  solution 
of  potassic  sulphate.  Cerous  sulphate  forms  similar  double  salts 
with  the  sulphates  of  sodium  and  ammonium. 

CeHc  sulphate,  SjO^Ceo^^jTOHj,  is  a  yellow  crystalline  mass. 

Cerous  phosphate,  'P^^i^^^'" i^si^^i  occurs  as  monazite.  A  portion  of  the 
cerium  in  tliis  mineral  is  isomorphously  replaced  by  lanthanum  and  didymium. 

PENTAD  ELEMENTS. 

Section  II. 

DIDYMIUM,  Di. 

Atomic  weight  =  146.    Molecular  weight  imlcnown.     Sp.  gr.  6"544. 
Atomicity  "'  and  \ 

History. — Didymium  was  discovered  by  Mosander  in  1841. 
Occurrence  and  Frcparation. — See  Cerium,  p.  661. 
Properties. — In  its  properties  didymium  resembles  the  two  fore- 
going metals,  except  that  it  has  a  slightly  yellow  tint. 
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COMPOUNDS'  OF  DIBYMIUIf. 

Didymous  chloride,  DiClg,  is  a  rose-coloured  crystaUine  mass. 
Its  solutions  deposit  rose-red  crystals  with  6  aq. 

Didymous  oxide,  DiaOg,  is  prepared  by  igniting  the  oxalate  or 
the  hydrate.  It  forms  a  white  or  bluish  powder,  neither  fusible 
nor  volatile,  which  when  strongly  ignited  gives  a  continuous 
spectrum  intersected  by  bright  bands,  corresponding  in  position 
with  the  dark  bauds  of  the  absorption  spectrum  of  the  didymium 
salts  (cf.  Erbia,  p.  Didymous  hydrate,  DiHOg,  is  obtained 

as  a  pale  pink-coloured  precipitate  by  adding  a  caustic  alkah  or 
ammonia  to  the  solution  of  a  didymous  salt. 

Didymic  oxide,  DiaOg,  is  obtained  as  a  chocolate-coloured  mass 
by  heating  the  basic  nitrate  of  didymium  to  dull  redness  in  a 
current  of  oxygen. 

Didymous  nitrate,  N306Dio"',60H2,  forms  large  rose-red  deHquescent  crystals. 
Didymous  sulphate,  S306Dio"'2,80H2,  crystallises  in  soluble,  rose-red  monocUnic 
prismis. 

TKIAD  ELEMENTS.* 


Section  IV. 
LANTHANUM,  La. 

Atomic  weight  =  138-5.    Molecular  weight  unknown.    Sp.  gr. 
6-163.  Atomicity'"? 

history.— Lanthanum  was  discovered  by  Mosander  in  1839. 

Occurrence  and  Preparation. — See  Cerium,  p.  661. 

Properties.— LaxitYiicawm  is  a  malleable  metal  of  an  iron-grey 
colour.  The  freshly  cut  surface  is  very  lustrous,  but  speedily 
tarnishes  on  exposure  to  air.  In  its  behaviour  towards  water  and 
acids  it  resembles  cerium,  except  that  it  is  attacked  in  the  cold 
both  by  concentrated  and  by  dilute  nitric  acid. 


COMI'OUNDS  OF  LANTHANUM. 

Lanthanous  chloride,  LaClg,  is  prepared  like  cerous  chloride, 
which  it  resembles  in  its  properties. 

Lanthanous  oxide,  LagOa,  is  obtained  as  a  wliite  powder  by 

*  The  remaining  elements  of  this  group  have  been  classed  as  triadic  ;  but  it  is 
quite  possible  that  they  may  be  only  pseudo-triadic, 
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heating  the  oxalate  or  the  nitrate.  It  combines  with  water  with 
evolution  of  heat,  and  is  converted  into  the  hydrate  LaHo3 

crystf""  ^30aLao'",60H,  forms  colourless,  deHquescent,  tabula. 

vvi.fnf%r'  7%^"'''  S306Lao- ,90H„  ciystallises  in  six-sided 
prisms.  The  anhydrous  salt  is  readily  soluble  in  ice-cold  water 
but  on  gently  warming  the  solution  the  above  aquate  separates  in 
microscopic  star-shaped  crystals,  which  at  13°  dissolve  in  less  than 
6  parts  of  water,  but  at  100°  require  115  parts  for  their  solution 
{pee  Reparation  of  Lanthanum,  p.  662.) 

YTTRIUM,  Y. 

Atomic  weight  =  89-8.    Molemlar  weight  unknown.    Atomicity  "'  I 

History. —The  earth  yttria  was  discovered  by  Gadolin  in  1794. 

Occurrence.—This  element  occurs,  always  accompanied  by 
erbium,  in  a  few  very  rare  minerals :  thus  as  silicate  in  gadolinite 
and  orthite  (along  with  cerium,  lanthanum,  didymium,  beryllium, 
iron,  and  other  metals) ;  also  as  tantalate,  niobate,  and  phosphate! 
Eecently,  however,  the  spectroscope  has  shown  yttrium  to  be  a  very 
widely  diffused  element  (Crookes). 

Preparation.    Sejmration  of  Yttrium^  and  -£'r5mm.— Gadolinite 
is  decomposed  with  hydrochloric  acid  and  evaporated  to  expel  the 
excess  of  acid.    The  residue  is  extracted  with  dilute  hydrochloric 
acid,  and  the  solution  is  heated  to  boiling  and  precipitated  with 
oxalic  acid.  The  precipitate,  which  contains,  in  the  form  of  oxalates, 
all  the  yttrium  and  erbium,  along  with  calcium,  cerium,  lanthanum, 
didymium,  and  traces  of  manganese  and  silica,  is  washed  by 
decantation  and  heated  in  an  open  platinum  dish,  until  the  oxalic 
acid  is  totally  destroyed.    The  mixed  oxides  thus  obtained  are 
dissolved  in  nitric  acid,  and  a  concentrated  solution  of  potassic 
sulphate  is  added,  which  precipitates  the  cerium,  lanthanum,  and 
didymium  as  double  sulphates  of  these  metals  with  potassium. 
From  the  filtrate  the  yttrium  and  erbium  are  again  precipitated  as 
oxalates,  the  oxalates  converted  by  heating  into  oxides,  the  latter 
redissolved  in  nitric  acid,  and  the  solution  examined  with  the 
spectroscope  for  didymium,  the  presence  of  which  metal  can  be 
readily  detected  by  its  characteristic  absorption  spectrum.   If  didy- 
mium is  present,  the  precipitation  with  potassic  sulphate  and  the 
other  operations  must  be  repeated  until  a  solution  is  obtained  vvliich 
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does  not  give  the  clidymium  spectrum.  A  trace  of  calcium  is  got 
rid  of  by  precipitating  the  yttrium,  and  erbium  as  hydrates  by 
ammonia.  In  order  to  separate  the  yttrium  and  erbium,  the  pure 
hydrates  are  dissolved  in  nitric  acid,  and  the  mixed  nitrates  are 
carefully  heated  in  a  platinum  dish  over  a  small  flame  until  the 
first  bubbles  of  nitrous  anhydride  begin  to  make  their  appearance. 
The  moment  this  point  is  reached,  the  dish  is  rapidly  cooled,  in 
order  to  prevent  further  decomposition,  and  the  residue  is  dissolved 
in  a  quantity  of  warm  water  just  sufacient  to  prevent  the  solution 
from  becoming  turbid  on  boiling.  This  solution  deposits  on  cool- 
ing needles  of  a  basic  nitrate  of  erbium,  which  is,  however,  still 
coutammated  with  yttrium.  Further  crops  of  this  salt,  but  still 
less  pure,  are  obtained  from  the  mother  liquors.  The  purer  crops 
are  mixed,  dissolved  in  nitric  acid,  again  heated  to  incipient  decom- 
position, and  treated  as  above,  repeating  this  operation  until  a  pure 
erbium  salt  is  obtained.  In  order  to  separate  the  yttrium  in  a  state 
of  purity  from  the  erbium,  with  whicli  it  remains  mixed  in  the 
mother  liquors  in  the  form  of  nitrate,  the  solution  is  evaporated  to 
dryness,  the  residue  heated  to  redness,  and,  after  cooling,  extracted 
with  water;  the  solution  thus  obtained  is  again  evaporated  to 
dryness,  heated,  and  the  residue  extracted  with  water,  repeating 
these  operations  until  a  solution  is  obtained  which  no  longer  gives 
an  absorption  spectrum  of  erbium.  From  this  solution,  which  con- 
tains a  basic  yttric  nitrate,  the  yttrium  is  precipitated  by  oxalic 
acid.  The  pure  oxalate  of  yttrium  is  converted  by  ignition  into  the 
oxide. 

Properties. — Pure  metallic  yttrium  and  erbium  have  not  been 
prepared.  By  heating  the  mixed  chlorides  of  the  two  metals  with 
sodium,  a  black  powder  has  been  obtained,  which  assumes  a  metallic 
lustre  under  the  burnisher.  This  metallic  substance  burns 
brilliantly  when  heated  in  air.  Water  decomposes  it  slowly  at 
ordinary  temperatures,  more  rapidly  on  boiling.  Acids  dissolve  it 
readily,  with  evolution  of  hydrogen. 

The  attempt  to  prepare  yttrium  and  erbium  by  the  electrolytic 
decomposition  of  the  chlorides  has  not  proved  successful. 

COMPOUNDS  OF  YTTRIUM. 

Yttrous  chloride,  YCI3. — When  the  above-described  impure 
yttrium  is  heated  in  chlorine,  it  is  converted  into  a  non-volatile 
chloride.    By  dissolving  the  oxide  in  hydrochloric  acid  and  evapo- 
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w.th^amn.o„,c  chloride  anbydrou.  yttrous  ehl„,.ide°,na;  bo  ot 

The  bromide  and  iodide  closely  resemble  the  chloride 

in  ^^^^ 

Yttrous  oxide  (Yttria),  Y,0„  is  obtained  as  a  yellowish-white 
powder  by  ignitmg  the  oxalate  (see  p.  666).  It  is  neither  fusible 
nor  volatile.  When  strongly  heated  it  emits  a  pure  white  li<.ht 
which  when  examined  by  means  of  the  spectroscope,  gives  a  per- 
fectly continuous,  spectrum,  without  any  trace  of  lines  or  bands 
a  behaviour  which  afibrds  a  means  of  distinguishing  this  oxide 
from  that  of  erbium.  Water  neither  dissolves  it  nor  converts  it 
into  hydrate.  Mineral  acids  slowly  dissolve  it,  yieldincr  salts - 
Yttrous  hydrate,  YH03,  is  obtained  as  a  gelatinous  precipitate  when 
alkalies  are  added  to  solutions  of  yttrium  salts. 

Yttrous  nitraie,  N^OeYo'-.eOH,,  is  readily  soluble,  and  forms  long  needles 
permanent  in  a.r.  A  basic  nitrate  of  the  formula  N^O^Yo'^Y  Ho3,30H„  is 
obtained  by  heating  the  normal  nitrate  to  incipient  decomposition  and  crystallising 
trom  a  small  quantity  of  water. 

Tttrous  sulphate,  S30,Yo"'„8OHo,  is  deposited  from  its  solutions  in  well-formed 
crystals,  which  become  anhydrous  only  at  a  high  temperature.  The  anhydrous  salt 
18  much  more  soluble  than  the  crystallised  aquate.  A  saturated  solution  of  tlie 
anhydrous  salt  prepared  at  15°  deposits  a  portion  of  the  salt  in  the  hydrated  state 
on  warming. 

ERBIUM,  Er. 

Atomic  weight  -  165-9.    Molecular  weight  unkywwn.   Atomicity  "'. 

History. — Erbium  was  discovered  in  1843  by  Mosander. 
Occurrence,  Preparation,  and  Properties.— ^qq  Yttrium,  p.  666. 

COMPOUNDS  OF  ERBIUM. 

These  resemble  the  compounds  of  yttrium. 

Erhous  oxide  {Erhia),  Er203,  is  obtained  by  igniting  the  oxalate 
or  nitrate.  It  forms  an  amorphous  mass  of  a  yellowish  colour.  It 
does  not  fuse  at  the  highest  temperatures,  but,  when  strongly 
heated,  emits  a  greenish  light,  which,  when  examined  spectroscopi- 
cally,  gives  a  continuous  spectrum,  intersected  however  by  bright 
bands,  the  position  of  which  agrees  with  that  of  the  dark  bands  in 
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the  absorption  spectrum  of  the  solutions  of  erbium  salts.  Towards 
acids  erbia  behaves  like  yttria.— ^r&ows  hydrate,  ErHo,,,  is  pre- 
cipitated by  alkalies  from  the  solutions  of  the  salts  of  erbium. 

Ilrhons  nUrate.—K  basic  nitrate  of  tlie  formula  NaOsEro'",  ErHos.SOH.,  obtained 
Uke  the  corresponding  yttrium  salt,  is  employed  in  the  separation  of  erbium  from 

yttrium.  o  . 

JSrbous  sulphate,  S306Ero'"2,80H2,  is  deposited  from  its  solutions  at  100  in 
well-formed  crystals.    It  closely  resembles  in  its  properties  yttrous  sulphate. 

All  the  salts  of  erbium  when  in  solution  display  a  spectrum 
with  characteristic  absorption  bands. 

TEEBIUm,  Tr. 

Atomic  weight  =  148"^  (?). 

Yery  little  is  known  concerning  this  element,  which  occurs  along  with  yttrium 
and  erbium  in  samarskite.  The  metal  has  not  been  isolated,  and  even  its  compounds 
have  not  been  obtained  free  from  erbium.  The  above  atomic  weight  is  therefore  to 
be  regarded  only  as  an  approximation. 


Another  metal,  ytterMum  {atomic  weight  =  172'8)  has  lately  been  added  by 
Marignac  to  the  list  of  the  metals  of  the  rare  earths.  It  occurs  in  crude  erbia.  Its 
oxide  is  white  and  gives  no  absorption  spectrum. 

ScANDiTTM,  So  {atomic  weight  =  44). — Yery  little  is  yet  known  concerning  this 
rare  element,  which  was  discovered  by  Nilson  in  1879.  The  metal  has  not  yet 
been  isolated.  It  occurs  along  with  the  other  rare  earths  in  gadolinite  and  euxenite. 
It  is  separated  by  means  of  the  property  which  its  nitrate  possesses  of  undergoing 
decomposition  at  a  relatively  low  temperature. 

Scandoiis  oxide,  SC2O3,  is  a  white  infusible  powder.  Its  salts  closely  resemble 
those  of  the  other  metals  of  this  group. 

Samabium,  Sra  {atomic  weight  =  150),  was  discovered  by  Lecoq  de  Boisbaudran 
in  samarskite.  It  is  easily  recognisable  by  means  of  its  characteristic  spectrum. 
The  compounds  of  this  element  resemble  those  of  didymium.  Samarous  chloride, 
SmClg.eOIIj,  forms  large  tabular  deliquescent  crystals.  Samarous  oxide,  SmjOa,  is 
a  white  or  faint-yellow  powder.  The  solutions  of  its  salts  have  a  deep  yellow 
colour. 

Decipium,  Dp  {atomic  weight  =  159  ?)  was  discovered  by  Delafontaine  in  the 
samarskite  of  North  Carolina.  It  has  not  yet  been  found  possible  completely  to 
separate  its  compounds  from  those  of  didymium.  The  solutions  exhibit  a  charac- 
teristic absorption  spectrum. 

General  Properties  and  Eeactions  of  the  Compounds  oe 
THE  Bare  Earth  Metals. — The  corresponding  compounds  of 
these  various  metals  are  characterised  by  their  great  similarity,  so 
that  their  separation  is  generally  a  matter  of  difficulty.  The 
methods  for  the  separation  of  the  principal  members  of  the  group 
— yttrium,  erbium,  cerium,  lanthanum,  and  didymium — have  already 
been  given  (pp.  661  and  666). 
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CHAPTER  XXXVIIT. 

TETRAD  ELEMENTS. 

Section  IV, 

PLATINUM,  Pt. 

Aiomic  weight  =  194-4.    Molecidar  weight  unknoion.    Sp  gr  21-5 
Fuses    about    2000°   ■    Atomicity"  and  ^\      Evidence  of 
atomicity : —  . 

Platinons  chloride   Pt"Cl  . 

Platinous  oxide   Pf'O 

Platinic  chloride    Pt'^Cl  . 

Platinic  oxide    Pt'^02. 

JKstory.— Platinum  was  first  recognised  as  a  distinct  metal  in 
the  eighteenth  century,  though  it  was  known  as  a  refractory 
metallic  substance  a  couple  of  centuries  earlier. 

Occurrence.— 'Platinum  occurs  only  in  the  native  state.  N"ative 
platinum  is  never  pure :  it  contains  from  50  to  80  per  cent,  of 
platinum,  the  remainder  consisting  of  iridium,  palladium,  rhodium, 
osmium,  and  ruthenium— which,  together  with  jDlatinum,  constitute 
the  so-called  platinum  metals— also  gold,  iron,  and  copper.  This 
impure  metal,  or  platinum  "ore,"  usually  forms  minute  grains, 
although  larger  masses  or  nuggets  are  also  found.  It  occurs  most 
frequently  in  the  sand  of  rivers  and  in  alluvial  deposits.  The  chief 
localities  from  which  platinum  is  obtained  are  the  Urals,  Borneo, 
California,  Brazil,  and  Peru.  Traces  have  been  found  in  the  aurife- 
rous sands  of  the  Rhine.  The  supply  from  Russia  is  ten  times  as 
great  as  that  from  all  the  other  parts  of  the  world  taken  together, 
and  amounts  to  about  800  cwt.  yearly. 

Extraction. — The  following  is  the  method  employed  at  St.  Peters- 
burg in  treating  the  platinum  ore : — The  ore  is  first  digested 
with  dilute  aqua-regia,  wliich  extracts  the  gold ;  then  with  con- 
centrated aqua-regia,  as  long  as  anything  dissolves.  Tlie  insoluble 
portion  consists  of  grains  of  a  native  alloy  of  osmium  and  iridium. 
The  solution  contains  the  platinum  as  platinic  chloride,  along  with 
small  quantities  of  other  metals.  ,  Amnionic  chloride  is  now 
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added  to  the  solution,  and  in  this  way  the  platinum  is  precipitated 
as  amnionic  platinic  chloride  (PtCl4,2NH4Cl)  along  with  the  small 
quantity  of  iridium  whicli  is  present.  The  precipitate  of  ammonic 
platinic  chloride  is  decomposed  by  heat,  employing  as  Iowa  tempe- 
rature as  possible,  in  order  that  the  platinum  may  be  obtained  in 
a  finely  divided  state.  The  metallic  powder  is  formed  into  a  cake 
by  pressing  it  into  a  conical  mould  of  brass,  after  which  the  cake 
is  heated  to  whiteness,  and  welded  into  a  ingot  by  hammering.  In 
this  form  the  platinum  may  be  drawn  into  wire  or  rolled  into 
plate,  and  otherwise  worked  like  the  most  ductile  nietals.  Instead 
of  welding  the  platinum,  Deville  and  Debray  fuse  the  metal  in  a 
lime  crucible  by  means  of  the  oxy-coal-gas  blowpipe. 

DeviUe  and  Debray  have  also  attempted  to  obtain  platinum 
from  its  ores  in  the  dry  way.  For  this  purpose  the  ores  are  fused 
with  galena,  glass,  and  borax.  The  iron  present  in  the  ore  is  thus 
converted  into  sulphide.  Litharge  is  then  gradually  added.  The 
litharge  and  galena  react  to  yield  metallic  lead,  the  sulphur  burning 
off  as  sulphurous  anhydride  (see  Lead,  Extraction  of).  The  plati- 
num and  the  other  metals  contained  in  the  ore,  with  the  exception 
of  osmiridium,  dissolve  in  the  lead.  The  liquid  portion  is  ladled 
off  from  the  osmiridium,  cupelled,  and  the  resulting  platinum  fused 
in  a  lime  crucible  as  above  described.  This  process  has  been 
abandoned,  as  the  platinum  obtained  by  it  is  not  sufficiently  pure. 

Preparation  of  p%ire  Flatinum. — In  order  to  obtain  pure  plati- 
num, commercial  platinum  is  dissolved  in  aqua-regia,  and  from  the 
solution,  after  expelling  the  excess  of  acid,  the  platinum  and 
iridium  are  precipitated  by  caustic  soda  as  platinic  hydrate 
(PtHoJ  and  iridic  hydrate  (IrHo^).  A  little  alcohol  is  now 
added,  and  the  liquid  with  the  precipitate  is  boiled.  Platinic 
hydrate  is  not  altered  by  this  treatment,  but  iridic  hydrate  is  con- 
verted into  a  lower  hydrate  of  the  formula  IrgHog,  and  on  re- 
acidifying  with  hydrochloric  acid,  these  hydrates  go  into  solution, 
yielding  the  corresponding  chlorides.  Di-iridic  hexachloride  is  not 
precipitated  by  ammonic  chloride,  so  that  on  adding  to  the  liquid 
an  excess  of  this  reagent  the  whole  of  the  platinum  is  thrown 
down  in  the  form  of  pure  ammonic  platinic  chloride,  which,  after 
washing,  is  converted  by  ignition  into  pure  metallic  platinum. 

Properties. — Platinum  is  a  white  metal  with  a  tinge  of  grey, 
capable  of  taking  a  high  polish.  When  obtained  by  heating  to 
redness  compounds  of  platinum — for  example,  ammonic  platinic 
chloride — it  forms  a  loosely  coherent  grey  mass,  known  as  spongy 
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plahmm.    In  the  very  finely  divided  condition  in  wliicli  ii.  is 
deposited  from  the  solutions  of  its  chloride  by  the  action  of  re 
ducmg  agents,  it  forms  platimtm  Hack,  a  black  powder  quite 
devoid  of  metallic  lustre.    Platinum  is  very  malleable  and  ductile 
Perfectly  pure  platinum  has  about  the  same  hardness  as  copper' 
but  the  presence  of  a  smaU  quantity  of  iridium  increases  its  hard- 
ness considerably.    In  the  form  of  very  thin  wire  it  can  be  fused 
m  the  flame  of  a  candle* ;  in  larger  masses  it  requires  the  heat  of 
the  oxyhydrogen  flame  for  its  fusion.-    The  fusing-point  has  been 
estimated  by  Deville  at  2000°.    It  does  not  combine  directly  with 
oxygen  at  any  temperature,  but  possesses  in  the  molten  state 
the  property  of  absorbing  oxygen.     The  absorbed  oxygen  is 
expelled  during  the  solidification  of  the  metal,  which  thus  exhibits 
the  phenomenon  of  "  spitting "  (see  Silver,  p.  503).    In  like 
manner  hydrogen  passes  through  a  diaphragm  of  red-hot  platinum, 
owing  to  the  property  which  the  metal  possesses  of  dissolving  the 
gas.    The  red-hot  metal  is,  however,  impermeable  to  oxygen, 
nitrogen,  carbonic  anhydride,  and  other  gases.    Cold  platinum  has 
the  power  of  condensing  various  gases,  especially  oxygen,  upon  its 
surface.    This  action  is  exhibited  in  a  very  high  degree  by  plati- 
num black,  which,  owing  to  its  state  of  extremely  fine  subdivision 
and  consequently  increased  surface,  is  capable  of  thus  condensing 
eight  hundred  times  its  volume  of  oxygen.    To  this  property  is 
due  the  so-called  catalytic  action  of  platinum  in  bringing  about 
the  combination  of  various  gases.    Thus  platinum  black,  when 
introduced  into  a  mixture  of  oxygen  and  hydrogen,  determines 
the  explosion  of  the  mixture.    Sulphurous  anhydride  and  oxygen, 
when  passed  over  platinum  black,  form  sulphuric  anhydride; 
hydrogen  and  iodine  unite  to  yield  hydriodlo  acid — the  action  in 
this  and  in  the  former  case  being  aided  by  gently  heating  the 
finely  divided  metal.    A  heated  spiral  of  platinum  wire,  when 
plunged  into  a  mixture  of  ether  vapour  and  air,  or  of  alcohol  vapour 
and  air,  continues  to  glow,  and  effects  the  oxidation  of  the  organic 
substance.    Indeed,  the  wire  need  only  be  warmed  .to  50°  in  order 
to  glow  when  introduced  into  the  vapour. — Platinum  is  not  attacked 
by  any  single  acid ;  but  aqua-regia,  or  any  other  liquid  in  which 
chlorine  is  contained  or  is  being  evolved,  dissolves  it.  It  is  oxidised 
by  fusion  with  caustic  alkalies  or  with  nitre.     Fused  alkaline 
cyanides  also  attack  it.    It  unites  directly  with  silicon  when 

*  It  is  possible  that  tlie  fusion  in  tliis  caae  is  due  to  the  formation  of  a  fusible 
carbide  of  platinum. 
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heated  with  it,  to  form  a  brittle  silicide ;  and  with  phosi:)horus  and 
arsenic  it  yields  fusible  compounds.  "With  many  of  the  metals  it 
forms  fusible  alloys.  A  knowledge  of  these  facts  is  of  importance 
in  working  with  vessels  of  platinum:  thus  phosphates  ought  never 
to  be  heated  with  carbon  or  with  filter-paper  in  a  platinum 
crucible,  and  the  heating  of  compounds  of  easily  reducible  metals 
in  such  vessels  is  to  be  avoided  altogether.  Platinum  vessels  ought 
never  to  be  heated  over  a  smoky  flame,  as,  owing  to  the  alternate 
formation  and  oxidation  of  a  carbide  of  platinum,  the  metal 
becomes  blistered  and  porous.  Contact  with  burning  charcoal  is 
also  to  be  avoided,  as  the  platinum  combines  with  the  silicon 
reduced  from  the  ash.  —Platinum  may  be  sublimed  at  a  red  heat  in 
a  current  of  chlorine,  and  may  thus  be  obtained  in  crystals.  The 
sublimation  of  the  platinum  is  only  apparent  and  depends  in 
reality  upon  the  formation  and  decomposition,  in  rapid  succession, 
of  a  chloride  of  platinum. 

Uses. — The  high  fusing-point  of  platinum,  and  its  power  of  re- 
sisting chemical  action,  have  caused  it  to  be  extensively  employed 
in  the  manufacture  of  vessels  for  laboratory  purposes.  Thus 
platinum  crucibles  and  evaporating  basins,  platinum  foil  and  wire, 
are  in  constant  requisition  in  the  processes  of  chemical  analysis. 
Large  platinum  stills  are  used  for  the  concentration  of  sulphuric 
acid.  The  marked  electronegative  character  of  platinum  renders 
it  capable  of  forming,  with  electropositive  metals,  such  aa  zinc, 
voltaic  combinations  of  high  electromotive  force.  Grove's  battery 
is  a  combination  of  this  description. 

Platinum  forms  two  series  of  compounds  :  platinous  compounds, 
in  which  the  metal  is  dyadic ;  and  platinic  compoimds,  in  which  it 
is  tetradic. 

COMPOUNDS  OF  PLATINUM  WITH  THE  HALOGENS, 
a.  Platinous  Cow.pounds. 

Platinoiis  chloride,  VtGl^,  is  obtained  by  heating  platinic  chlo- 
ride to  225— 2.S0°.  It  forms  a  greyish-green  powder,  insoluble  in 
water,  soluble  in  hot  hydrochloric  acid,  yielding  a  reddish-brown 
solution.  It  unites  with  other  metallic  chlorides  to  form  double 
salts:  thus  the  compounds  PtCl2,2KCl  and  PtCl2,2NH^Cl  are 
obtained  in  large  red  prisms  by  adding  potassic  and  ammonic 
chloride  to  the  solution  of  platinous  chloride  in  hydrochloric  acid 
and  evaporating  the  Uquid.— When  platinous  chloride  is  heated 
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in  a  current  of  carbonic  oxide,  the  gas  is  absorbed  with  formation 
of  the  compounds  PtCls.CO,  PtCl2,2CO,  and  PtCl2,3CO.  It 
also  unites  directly  with  ethylene  (V^B.^)  and  other  unsaturated 
hydrocarbons. 

Platinous  bromide,  PtBro,  is  prepared  by  heating  hydric  platinic  bromide 
to  200°.    It  fo  rms  a  brown  mass. 

Platinom  iodide,  Ptlj,  is  obtained  as  a  black  powder  by  warming  platinous 
chloride  with  a  concentrated  solution  of  potassic  iodide. 

h.  Platinic  Compounds. 
Platinic  chloride,  PtCl^,  is  prepared  by  dissolving  platinum  in 
aqua-regia,  destroying  the  nitric  acid  by  repeated  evaporation  with 
hydrochloric  acid,  and  heating  to  expel  the  excess  of  hydrochloric 
acid.  It  crystallises  from  water  in  large  red  non-deliquescent 
crystals  of  the  formula  PtCl^.SOH^.— Platinic  chloride  forms 
numerous  double  salts  with  other  chlorides:  thus  with  hydro- 
chloric acid  it  forms  the  compound  PtCl4,2HCl,  which  is  deposited 
in  brownish-red  deliquescent  prisms  with  6  aq.  from  the  solution  of 
platinic  chloride  in  hydrochloric  acid.  Potassic  platinic  chloride, 
PtGl4,2KCl,  and  amnionic  ptlatinic  chloride,  PtCl4,2NH4Cl,  are 
obtained  as  yellow  crystalline  precipitates,  consisting  of  micro- 
scopic octahedra,  when  platinic  chloride  is  added  to  solutions  of 
potassic  and  ammonic  chloride.  These  precipitates  are  almost  in- 
soluble in  water  and  quite  insoluble  in  alcohol.  Sodic  p)latinic 
chloride  crystallises  in  reddish-yellow  prisms  of  the  formula 
PtCl4,2N'aCl,60H2,  readily  soluble  in  water  and  in  alcohol.  The 
difference  in  the  solubility  of  these  compounds  is  turned  to 
account  in  the  separation  of  the  alkali  metals. 

Platinic  bromide,  PtBr^,  has  not  been  prepared,  but  hydrio  platinic  bromide, 
PtBr4,2HBr,90H2,  is  known. 

Platinic  iodide,  Ptl4,  separates  as  a  black  powder  when  potassic  iodide  is  added 
to  a  solution  of  platinic  chloride  and  the  liquid  warmed. 

COMPOUNDS  OF  PLATINUM  WITH  OXYGEN  AND 

HYDBOXYL. 

Platinous  oxide   PtO.  Pt=0. 

Platinous  hydrate   PtHoj.     H— 0— Pt— 0— H. 

Platinic  oxide    VtO^.  0=Pt=0. 

H_0     0— H 
\  / 

Platinic  hydrate   PtHo..  Pt 

/  \ 
H— 0     0— H 
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Platinous  oxide,  PtO. — This  compound  is  obtained  as  a  greyish- 
Ijlack  powder  by  gently  heating  the  corresponding  hydrate. 

Platinous  hijdrate,  PtHo2,  is  a  bulky  black  powder^  obtained 
by  digesting  platinous  chloride  with  warm  caustic  potash.  Boiliaig 
caustic  potash  decomposes  it  with  separation  of  metallic  platinum 
and  formation  of  platinic  oxide.  It  acts  as  a  weak  base  and  yields 
with  the  hydracids  the  corresponding  haloid  salts  ;  but  the  OJi;y- 
acids,  with  the  exception  of  sulphurous  acid,  decompose  it. 

Platinic  oxide,  V\,0^,  is  a  black  powder  obtained  by  gently 
heating  platinic  hydrate. 

Platinic  hydrate,  PtHo^. — A  solution  of  platinic  chloride  is 
precipitated  by  boiling  with  caustic  potash,  and  the  precipitate  is 
treated  with  acetic  acid  to  remove  the  potash,  when  a  white  com- 
pound of  the  formula  PtHo4,20H2  remains.  This,  on  drying  at 
100°  parts  with  2  aq.  and  assumes  an  amber-brown  colour. 
Platinous  hydrate  acts  both  as  a  weak  base  and  as  a  weak  acid. 
The  salts  wliich  it  forms  with  bases  are  known  as  platinates.  Baric 
platinate  is  a  yellow  powder  of  the  formula  PtHo2Bao",30H2- 

OXY-SALTS  OF  PLATINUM^ 

Very  few  of  the  simple  oxy-salts  of  platinuni  haye  been  pre- 
pared, but  various  double  salts  are  known. 

Platinous  sulphite  is  obtained  as  a  gummy  mass  of  unknown  composition  by 
evaporating  the  solution  of  platinous  hydrate  in  sulphui-ous  aoid. — Fotassic  platinous 
sulphite,  SOPto",3SOKo2,20H2,  crystallises  in  readily  soluble  needles.  Sodic 
platinous  sulphite,  SOPto",3SOKo2,70H2,  is  a  sparingly  soluble  crystalline  pre- 
cipitate. 

Platinonitrites. — Platinum  forms  a  series  of  remarkable  compounds  with  tlie 
nitrites  of  other  metals.  These  compounds  do  not  behave  like  ordinary  double 
salts  :  the  platinum  cannot  be  detected  in  their  solutions  by  the  ordinary  reagents. 
They  may  be  regarded  as  salts  of  platinonitrous  acid,  'B..^t{'^iO.^ ^. — Potassic 
platinonitrite,  KoPt(N02)4,  is  deposited  in  small  lustrous  prismatic  crystals  vi'hen 
solutions  of  potassic  nitrite  and  potassic  platinous  chloride  are  warmed  together. 
Its  solutions  are  not  precipitated  either  by  alkalies  or  by  sulphuretted  hydrogen. — 
Ammonic  platinonitrite,  (NH4)3Pt(N02)4,20H2,  crystallises  in  prisms.  It  decom- 
poses with  sudden  incandescence  when  heated. 

COMPOUNDS  OF  PLATINUM  WITH  SULPEUE. 

Platinous  sulphide,  PtS".— This  compound  may  be  obtained  as  a  black  amor- 
phous powder  by  passing  sulphuretted  hydrogen  over  moistened  platinous  chloride, 
or  in  a  crystalliue  form  by  fusing  platinous  chloride  with  sodic  carbonate  and 
sulphur,  and  lixiviating  the  mass  with  water, 

Platinic  sulphide,  PtS"2.— Sulphuretted  liydrogen  precipitates,  from  solutions  of 
platinic  salts,  black  platinic  sulphide,  and  this  compound  then  unites  with  a  further 
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quantity  of  the  gas  to  form  liglit-brown  hyclric  platinic  sulphide,  an  unstable  com- 
pound  which  parts  with  sulphuretted  hydrogen  when  exposed  to  tlie  air.— By  fnsin-. 
a  mixture  of  spongy  platinum,  potassic  carbonate,  and  sulphur,  and  extracting  tho 
mass  with  water,  an  insoluble  dipotassio  diplatinoua  -mlphodiplatinate,  j  p[*"|^  is 
obtained  in  thin  lead-grey  six-sided  tablets.  When  heated  in  a  current  of  gaseous 
hydrochloric  acid,  this  compound  evolves  sulphuretted  hydrogen,  and  is  converted 
into  potassic  chloride  and  a  platinic  sulphide  of  the  formula  Pt.,S",  fnossiblv 

//  f    PtPts"         \  -        i  J' 

however,  Pt4S"6  =  |  -p^^^^"^"),  wliich  remains  as  a  steel-grey  powder  on  extracting 
the  mass  with  water. 


AMMONIUM  COMPOUNDS   OF  PLATINUM 
{PL  A  TIN  AMINE 8) . 

Platinum  forms  a  remarkable  class  of  ammonium  bases,  the 
salts  of  which  may  be  empirically  formulated  as  double  compounds 
of  platinum  salts  with  two  or  more  molecules  of  ammonia.  In  this 
respect  these  compounds  resemble  the  cobaltamines  {q.v.)  They 
have  been  divided  into  no  fewer  than  twelve  distinct  classes.  Tlie 
members  of  one  class  are  sometimes  isomeric  with  those  of  another 
class.  A  complete  account  of  these  compounds  would  go  beyond 
the  scope  of  the  present  work.  The  following  will  serve  as 
examples : — 

Platosoteirammonic  chloride  {chloride  of  "  Reiset's  first  base")  is  obtained  in 

rNH3(N'H4)Cl 

colourless  prisms  of  the  formula  ■<  Pt"  ^OH^,  when  platinous  chloride  is 

LnH2(NvH,)C1 

dissolved  in  an  excess  of  boiling  aqueous  ammonia  and  the  solution  evaporated.  It 
forms  with  platinous  chloride  an  insoluble  double  salt,  crystallising  in  dark  green 
rNH2(]SrvH4)Cl 

needles  of  the  formula  <  Pt"  ,PtCL,  also  known  as  the  green  salt  of 

LnH2(N'Hj)C1 

Magnus.    This  compound,  which  is  interesting  as  the  first  discovered  of  the  pla- 
tinum ammonium  compounds,  may  be  obtained  direct  by  supersaturating  \\-ith 
ammonia  a  hot  solution  of  platinous  chloride  in  hydrochloric  acid. — Platoso- 
rNH2(N^H4)Ho 

tetrammonic  hydrate,  \  Pt"  ,  is  prepared  by  precipitating  a  solution  of 

LnH2(NvH4)Ho 

the  sulphate  with  baric  hydrate  and  evaporating  the  filtrate.  It  crystallises  in 
deliquescent  needles.  It  acts  as  a  caustic,  absorbs  carbonic  anhydride  from  the  air, 
and  precipitates  the  metals  as  hydrates  from  the  solutions  of  their  salts. 

Flatosoddammonic  chloride  (chloride  of  "  Reiset's  second  hase"),\Vt"  .— 

This  compound,  wliicli  is  isomeric  with  the  green  salt  of  Magnus,  is  formed  when 
platosotetrammonic  chloride  is  heated  to  between  220°  and  270°.  It  forms  microscopic, 
yellow  rhombohedra.  It  is  sparingly  soluble  in  water,  and  is  formed  as  a  precipitate 
when  hydrochloric  acid  is  added  to  the  solutions  of  other  salts  of  this  base. 
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Botli  tlio  hydrate  and  the  oxide  are  known.  The  Litter  comi>ound,  whicli  has  the 
formula  •[pf'^O,  is  obtamed  by  heating  platosotetrammonic  hydrate  to  110°. 

rNHsCI 

JPlatinodiammonic  chloride  {chloride  of  "  Gerhardfs  base"),  <  FtCh^  ,  is  formed 

by  the  direct  union  of  platosodiammonic  cliloride-  with  chlorine,  when  the  gas  i<i 
passed  through  water  in  which  this  salt  is  suspended.  It  crystallises  in  minute 
yellow  octahedra. 

r]SrH2(NvH4)Cl 

Platinotetrammonic  cliloride  ("  Gros'  chloride^'),  {TtGl-i  .—This  com- 

|,KrH2(NvH4)Cl 

pound  is  formed  in  a  similar  manner  by  the  union,  of  platosotetrammonic  chloride 
fl-ith  chlorine,  or  by  treating  platinodiammonic  chloride  with  ammonia.  It  crys- 
tallises in  yellow  octahedi-a  of  the  regular  system. 

General  Pboperties  and  Eeactions  of  the  Compounds  of 
Platinum. — a.  Pkdinous  Compounds. — These  are  of  subordinate 
interest.    The  platinous  salts  are  of  a  red,  brown,  or  green  colour. 

b.  Platinic  Compounds. — The  platinic  salts  have  a  yellow  colour. 
With  caustic  soda  they  give  a  yellow  precipitate  of  platinic  hydrate, 
soluble  in  an  excess  of  the  alkali.  Sulphuretted  hydrogen  preci- 
pitates, slowly  in  the  cold,  more  rapidly  on  heating,  platinic  sul- 
phide, which  is  soluble  in  a  large  excess  of  ammonic  sulphide. 
Potassic  chloride  and  ammunic  chloride  prodiwje  yellow  crystalline 
precipitates  of  potassic  platinic  chloride  and  ammonic  platinic 
cldoride.  Stannous  chloride  in  acid  solutions  produces  a  dark 
coloration,  owing  to  the  reduction  of  the  platinic  salt  to  the 
platinous  stage,  but  no  separation  of  metalHc  platinum  occurs. 
Ferrous  sulphate  precipitates  metallic  platinum,  but  only  after  pro- 
tracted boiling.  Oxalic  acid-  does  not  reduce  the  salts  of  j)latinuni 
(separation  from  gold) ;  but  by  boiling  with  soluble  formates  in  alka- 
line solution,  metallic  platinum  is  precipitated.  All  platinum  com- 
pounds, when  ignited  with  access  of  air,  are  converted  into  metallic 
platinum. 

PALLADIUM,  Pd. 

Atomic  loeifjht  =  105'7.    Molecular  weight  unknown.    Sp.  gr.  IV-i. 
Atomicity  "  and       Eoidencc  of  atomicity : — 

Palladous  chloride    Pd"Cl2. 

Palladous  oxide   Pd"0. 

Palladic  chloride   Pd'^Cl^. 

Palladic  oxide   Pd^^Oj. 
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^zs^ory.— Palladium  was  discovered  by  Wollaston  in  180'^ 
Occxtrrence.-Gv^nvXe,  of  this  metal,  sometimes  in  tlie  form  of 
octahedra,  occur  in  the  platinum  ore  of  Brazil.    Alloyed  wit! 
platinum  and  other  metals,  it  occurs  in  all  ores  of  platinum 

PTeparation.-One  method  of  separation  of  palladium  from  tl. 
other  metals  of  the  platinum-gi-oup  with  which  it  occurs,  depend, 
upon  the  fact  that  palladium  is  precipitated  as  insoluble  palladous 
iodide  by  the  careful  addition  of  potassic  iodide  to  the  solution  of 
palladous  chloride.  The  other  metals  remain  in  solution  An 
excess  of  the  precipitant  is  to  be  avoided,  as  it  dissolves  the 
palladous  iodide.  The  iodide  loses  its  iodine  when  strongly  heated 
and  IS  converted  into  spongy  palladium.-Tn  order  to  extract  the 
palladium  from  platinum  ore,  the  solution  which  is  obtained  after 
dissolving  the  ore  in  aqua-regia  and  removing  the  platinum  by 
precipitation  with  ammonic  chloride,  is  treated  with  mercuric 
cyanide.  In  this  way  a  precipitate  of  paUadous  cyanide  is  pro- 
duced, which  by  ignition  may  be  converted  into  the  metal. 

Properfe— Palladium  is  a  silver-white  lustrous  metal.  It 
sometimes  occurs  crystallised,  either  in  octahedra  or  in  small 
hexagonal  plates.    Palladium  is  the  most  fusible  of  the  platinum 
metals  and  can  be  welded  at  a  red  heat  more  readily  than  pla- 
tinum.    Wlien  heated  to  low  redness  it  undergoes  superficial 
oxidation,  and  assumes  a  blue  colour,  but  at  a  higher  temperature 
regains  its  lustre.    It  is  soluble  in  hot  nitric  acid  and  in  hot  con- 
centrated sulphuric  acid.     Hydrochloric  acid  dissolves  spongy 
palladium  in  presence  of  air.    It  is  not  altered  by  exposure  to  air 
or  to  sulphuretted  hydrogen.— Spongy  palladium,  like  spongy 
platinum,  is  capable  of  effecting  the  combination  of  oxygen  and 
hydrogen  when  introduced  into  a  mixture  of  these  gases.    If  the 
two  gases  are  present  in  the  proportions  necessary  to  form  water, 
the  palladium  becomes  red-hot,  causing  explosion ;  but  if  a  con- 
siderable excess  of  oxygen  is  present  or  if  air  be  substituted  for 
oxygen,  the  combination  takes  place  slowly  at  ordinary  tempe- 
ratures without  explosion.    In  the  case  of  a  mixture  of  hydrogen, 
marsh-gas  and  air,  it  is  possible  to  effect  the  sIoav  combustion  of 
the  hydrogen,  leaving  the  marsh-gas  untouched,  and  in  this  way 
the  hydrogen  present  in  a  mixture  of  combustible  gases  may  be 
determined. — If  a  piece  of  palladium  foil  be  heated  in  the  flame  of 
a  spirit  lamp,  or  in  a  coal-gas  flame,  the  foil  becomes  covered  with 
canliflower-like  excrescences  of  soot,  and  when  these  are  burnt  they 
leave  a  skeleton  of  filaments  of  metallic  palladium,  whilst  the  foil 
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is  found  to  have  become  porous.  In  like  manner,  wlien  spongy 
palladium  is  heated  in  a  current  of  ethylene,  the  gas  is  decomposed 
with  separation  of  carbon  at  a  temperature  at  which  ethylene 
alone  is  perfectly  stable.  These  phenomena  probably  depend  upon 
the  afauity  of  palladium  for  hydrogen,  palladous  hydride ^  (5'. v.) 
being  successively  formed  and  decomposed.  In  the  formation  of 
this  "compound  carbon  is  liberated  from  the  gases  present  in  the 
flame ;  in  its  decomposition  the  palladium  disintegrates. 

[/-5e5._Palladium  is  used  for  the  graduated  scales  of  physical 
instruments  and  also  for  coating  silver  goods. 

COMPOUND  OF  PALLADIUM  WITH  RYDEOQEN. 

Palladous  hydride,  Pd4H2.— This  compound  is  formed  by  the 
direct  union  of  its  elements  when  palladium  is  heated  in  a  current 
of  hydrogen,  or  when  this  metal  is  employed  as  negative  electrode 
in  the  electrolysis  of  dilute  sulphuric  acid.— Palladous  hydride 
is  a  lustrous  metallic  mass  with  a  specific  gravity  of  11-06.  It 
conducts  electricity.  It  parts  with  its  hydrogen  only  very 
gradually  at  ordinary  temperatures,  but  rapidly  on  heating.  On 
exposure  to  the  air  in  a  finely  divided  state,  it  becomes  red  hot, 
owing  to  the  absorption  of  oxygen  and  oxidation  of  the  hydrogen 
to  water.  It  acts  as  a  reducing  agent ;  thus  it  precipitates  metallic 
mercury  from  solutions  of  the  salts  of  that  metal. 

COMPOUNDS  OF  PALLADIUM  WITH  THE  HALOGENS. 

a.  Palladous  Compounds. 
Palladous  chloride,  PdCl,.— Wlien  a  solution  of  palladium  in 
aqua-regia  is  evaporated  to  dryness,  the  palladic  chloride  which  is 
at  first  formed  is  decomposed  and  converted  into  palladous  chloride, 
which  remains  as  a  brown  deliquescent  mass.  This  compound 
may  also  be  obtained  as  a  red  crystalline  sublimate  by  heating 
paUadous  sulphide  (PdS")  in  a  current  of  dry  chlorine.  In  this 
form  it  dissolves  only  slowly  in  water.— Like  the  corresponding 
platinum  compound  it  forms  immerous  double  chlorides.  Potassic 
palladous  chloride  has  the  formula  PdCl2,2KCl. 

Palladous  bromide  is  not  known  in  tlie  pure  state. 

Palladous  iodide,  Pdl2.— This  compound  is  precipitated  as  a 
black  powder  when  potassic  iodide  is  added  to  solutions  of  pallad- 
ous chloride  or  nitrate.    It  is  soluble  in  an  excess  of  potassic 
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ofot.J:rd\™Iit."""'"^'  iodide  i„  presence 

i.  Palladic  Compounds. 

cA^oWcZe  PHPl  9Trni         f      platmum :  thus  ^otemc  pallculic 
ciuomde,  iMCl,,2KCl,  which  crystallises  in  brownish-red  octa 
hedra;  ammonio  paU<ulic  cMoricle,   PdCl,2NH  CI  with 

forms  a  sparingly  soluble  red  crystaUine  powder. 

COMPOUNDS  OF  PALLADIUM  WITH  OXYGEN. 

Hypopalladous  oxide  j^p^O.  ^^^0 

^  Pd^ 

Palladous  oxide   PdO.  Pd=0. 

Palladic  oxide   PdOa.  0=Pd=0. 

Hypopalladous  oxide,  'Pd'^O,  is  obtained  as  a  black  powder  by 
heating  palladous  hydrate  to  low  redness  as  long  as  oxyo-en  is 
evolved.  Acids  decompose  it  with  separation  of  metalhc  palladium 
and  formation  of  paUadous  salts.  When  heated  in  a  current  of 
hydrogen  it  is  reduced  with  sudden  incandescence. 

Palladous  oxide,  PdO,  is  prepared  by  careful  ignition  of  the 
nitrate.  It  forms  a  black  powder  which  dissolves  with  difficulty 
m  acids.  When  brought  into  hydrogen  at  ordinary  temperatures 
It  IS  instantaneously  reduced  with  incandescence.— Alkaline  car- 
bonates precipitate  from  solutions  of  palladous  salts  a  dark-brown 
hydrate,  which  dissolves  readily  in  acids. 

Palladic  oxide,  V&d^,  is  a  black  powder  obtained  by  boiling 
potassic  palladic  chloride  with  caustic  potash  and  washing  the 
precipitate  with  hot  water.  ^ 

PALLADOUS  OXY-SALTS 

Palladous  nitrate,  N^O^Pdo",  is  prepared  by  dissolvin  g  the 
metal  or  the  oxide  in  nitric  acid.  On  evaporation  the  solution 
deposits  long  brown  deliquescent  prisms. 

Palladous  sulphate,  S02Pdo",20H2,  is  obtained  by  dissolving  the  metal  in  sul- 
phuric acid,  with  the  addition  of  nitric  acid,  and  evaporating.  It  forms  brown 
soluble  crystals,  which  arc  decomposed  by  excess  of  water  with  separation  of  a  basic 
salt. 
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A  series  of  ammonium  compounds  of  palladium,  corresponding  witli  those  of 
platinum,  is  known. 

COMPOUNDS  OF  PALLADIUM  WITS  SULPHUR. 
These  correspond  with  the  oxides. 

Hypopalladous  sulphide,  'Pd'sS",  is  formed  when  either  paUadous  sulphide  or 
palladic  sulphide  is  heated  in  a  current  of  carbonic  anhydride.  It  is  most  readily 
obtained  by  fusing  together  at  a  red  heat  a  mixture  of  paUadous  sulphide,  potassic 
carbonate,  sulphur,  and  ammonic  chloride.  On  dissolving  the  mass  in  water,  hypo- 
palladous  sulphide  remains  as  a  brittle,  green,  metalhc  regvdus.  It  is  only  slowly 
attacked  by  nitric  acid. 

PaUadous  sulphide,  PdS",  is  obtained  as  a  greyish-white  metallic  mass  by  heal- 
ing the  metal  in  the  vapour  of  sulphiu-,  when  combination  occurs  vsdth  incan- 
descence. The  same  compound  is  precipitated  as  a  black  amorphous  powder  when 
sulphuretted  hydrogen  is  passed  into  solutions  of  paUadous  salts. 

Palladic  sulphide,  PdS"2. — When  paUadous  sulphide  is  fused  with  sulphur  and 
sodic  carbonate,  sodic  sulphopalladate,  PdS"Nas2,  is  formed.  On  decomposing  this 
compound  with  hydrochloric  acid,  palladic  sulphide  is  obtained  as  a  dark-brown 
powder.    It  dissolves  readily  in  aqua-regia. 

General  Properties  and  Eeactions  of  the  Co.mpounds  of 
Palladium. — The  paUadous  salts  are  for  the  most  part  soluble, 
yielding  solutions  which,  when  concentrated,  are  brown  or  reddish- 
brown,  when  dilute,  yellow.  Both  sulphuretted  hydrogen  in  acid 
solution  and  ammonic  sulphide  precipitate  black  palladoxis  sul- 
phide, insoluble  in  excess  of  amnionic  sulphide,  but  soluble 
in  boiling  hydrochloric  acid.  Caustic  alkalies  precipitate  brown 
basic  salts  of  palladium,  soluble  in  an  excess  of  the  alkali  on 
heating.  Ammonia  gives  a  flesh-coloured  precipitate  of  a  pal- 
ladammonium  compound,  soluble  in  excess  of  ammonia.  Potassic 
iodide  precipitates  black  paUadous  iodide.  Ferrous  sulphate  pre- 
cipitates metaUic  palladium,  the  action  being  facilitated  by  heat. 
All  palladium  compounds  yield  on  ignition  in  air  metallic  pal- 
ladium, 

IRIDIUM,  Ir. 

■Atomic  weight  =  192"5.  Molecidar  loeight  unknown.  Sp.  gr. 
22"38.  Atomicity  "  and  also  a  pseudo-triad.  Evidence  of 
aiomicity : — 


Iridous  sulphide   Ir"S". 

Di-iridic  hexachloride    Tr'"2Cl6- 

Di-iridic  trioxide   'Iv^'^Oy 

Iridic  chloride   Ir^^Cl^. 

Iridic  oxide   Ir'^Og. 
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Ten^^r'^'~^"'^''"''  discovered  in   1804  by  Sinithsoa 

Occurrence -Ividmm  occurs  in  most  ores  of  platinnm  in  the 
form  of  granules  of  the  alloys  platiniridium  and  osmiridium 

Ea^trachon.-Fov  the  preparation  of  iridium  the  residue  which 
remnzns  when  the  platinum  ore  is  treated  with  aqua-regia  is  em,- 
ployed.  This  residue,  which  consists  chiefly  of  iridium  and  osmium 
but  contains  small  quantities  of  all  the  other  platinum  metals' 
IS  fused  with  from  20  to  30  times  its  weight  of  zinc.  0. 
dissolvmg  the  zinc  in  hydrochloric  acid,  the  platinum  metals 
remain  as  a  fine  powder.    This  powder  is  mixed  with  from  3  to 
4  parts  of  anhydrous  baric  chloride,  and  the  mixture  is  heated  to 
low  redness  m  a  current  of  dry  chlorine.    On  dissolving  in  water 
ruthenium  remains  behind,  whilst  the  other  platinum  metals 
dissolve  as  double  chlorides  of  barium  with  the  platinum  metal. 
Sulphuric  acid  is  then  added  so  as  exactly  to  precipitate  the 
barium.    The  liquid,  which  now  contains  the  platinum  metals  as 
chlorides,  is  heated  in  an  atmosphere  of  hydrogen  in  a  flask  on  a 
water-bath.     In  this  way  the  metals  are  reduced  from  their 
aqueous  solution.    During  the  whole  of  this  operation  air  must 
be  carefully  excluded,  as  the  finely  divided  metals  would  bring 
about  the  explosive  combination  of  the  hydrogen  with  the  oxygen 
of  the  air.    Platinum  and  palladium  are  first  reduced,  then  rho- 
dium.   Before  the  iridium  is  precipitated  it  undergoes  reduction  to 
di-iridic  hexachloride,  'It'^CIq,  the  presence  of  which  is  manifested 
by  an  olive-green  coloration  of  the  liquid.     At  this  point  the 
operation  is  interrupted,  and  after  filtering  off  the  reduced  metals, 
the  iridium  is  precipitated  from  the  filtrate  by  first  oxidising  it  with 
nitric  acid  to  iridic  chloride,  IrCl^,  and  then  adding  a  solution  of 
potassic  chloride,  with  which  it  forms  a  black,  almost  insoluble 
crystalline  precipitate  of   potassic  iridic  chloride,  IrCl4,2KCl. 
This  on  ignition  yields  spongy  iridium.  A  trace  of  ruthenium  may 
be  removed  by  fusing  the  spongy  metal  with  nitre.  On  lixiviating 
the  fused  mass  with  water  the  ruthenium  dissolves  as  potassic 
ruthenate,  leaving  the  iridium. 

Properties. — Iridium  is  a  white  metal,  which  when  polished  has 
a  lustre  resembling  that  of  steel.  It  is  harder  than  platinum,  and 
much  more  brittle.  It  is  also  more  refractory  than  platinum,  but 
may  be  fused  in  the  oxyliydrogen  flame.  Very  finely  divided 
iridium  (iridium  black)  dissolves  in  aqua-regia  and  oxidises  when 
heated  in  air.    Compact  iridium  is  not  attacked  under  any  of 
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these  conditions,  but  may  be  oxidised  by  fusion  with  potassic 
liydrate  to  which  nitre  or  potassic  chlorate  has  been  added. 
Iridiicin  Hack  is  obtained  as  an  impalpable  powder  by  exposing  an 
alcoholic  solution  of  di-iridic  sulphate  to  sunlight.  It  is  more 
energetic  in  its  catalytic  action  than  platinum  black.  A  small 
quantity  brought  upon  ■  paper  moistened  with  alcohol  causes 
ignition. 

f/ses.— An  alloy  of  1  part  of  iridium  with  9  parts  of  platinum 
is  extremely  hard  and  elastic,  capable  of  taking  a  high  pohsh,  and 
unalterable  in  air.  It  has  been  employed  in  the  preparation  of 
standard  measures  of  length.  Gold  pens  are  sometimes  tipped 
with  an  alloy  of  iridium  and  osmium. 

COMPOUNDS  OF  IRIDIUM  WITH  THE  HALOGENS. 

a.  Di-iridic  Compounds. 

Di-iridic  hexacMoride,  'Ir'^a^^lg— This  compound  is  formed 
when  the  metal  is  heated  in  chlorine.  It  is  most  readily  ob- 
tained by  heating  one  of  its  alkaline  double  chlorides,  such  as 
potassic  di-iridic  chloride,  'Ir'"2Cl6>6KCl,  with  concentrated  sul- 
phuric acid  and  pouring  the  cooled  hquid  into  water,  when  the 
chloride  separates  as  a  pale  olive-green  precipitate,  insoluble  in 
water  and  in  acids.  It  may  be  obtained  in  a  soluble  form  by 
treating  a  solution  of  iridic  chloride  with  sulphurous  anhydride 
until  the  solution  has  become  green.— The  alkaline  double  chlo- 
rides are  formed  when  the  corresponding  iridic  double  chlorides 
are  reduced  in  aqueous  solution  with  sulphurous  anhydride  or 
sulphuretted  hydrogen.    Potassic  di-iridic  chloride, 

'Ir'"2Cl6.6KCl,60H2, 

sodic  di-iridic  chloride,  'lr"\C\,&'^&C\,2A:0'R^,  and  ammonic  di- 
iridic  chloride,  'Ir"'2Cle,6Nll4Cl,30Il2,  all  form  olive-green  crys- 
tals, soluble  in  water,  insoluble  in  alcohol. 

Di-iridic  hexabromide,  'Ir"'2Br6,80H2,  is  deposited  in  light  olive-green  six-sided 
crystals  when  a  solution  of  iridic  hydrate,  IrHo^,  in  hydrohromic  acid  is  evapo- 
rated. The  iridic  bromide  does  not  appear  to  be  capable  of  existing  :  the  solution 
evolves  bromine  and  contains  the  lower  bromide.  Di-iridic  hexabromide  forms 
double  bromides  corresponding  with  the  double  chlorides. 

6.  Iridic  Compounds. 

Iridic  chloride,  IrC]4,  is  obtained  as  a  black  mass  by  dissolving 
iridium  black,  di-iridous  trioxide,  or  di-iridic  hexachloride  iu 
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aqua-regia  and  evaporating  the  solution  at  a  temperature  below 
40  .  On  heating  to  a  higher  temperature  chlorine  is  evolved  and 
the  solution  contains  the  lower  chloride.-It  forms  with  the  chlo- 
rides of  the  alkahes  double  chlorides,  isomorphous  with  those  of 
platinum_^  Potasdc  iridic  chloride,  IrCl,,2KCl,  and  amr>ionic  iridic 
MoruU  IrCl„2NH,Cl,  crystallise  in  minute  dark-red  octahedra 
sparingly  soluble  in  cold  water.  Bodic  iridic  chloride  IrCl  2NaCl' 
IS  readily  soluble  in  water,  and  forms  black  tabular  crystals  or 
prisms  '' 


■    ^''■;?'.f''T'^;  =       ^^inerous  double  bromides  eorrespond- 

lug  with  the  double  chlorides  have  been  prepared. 

Iridic  iodide,  Irl^,  is  obtained  as  a  black  povvder  by  the  action  of  potassic  iodide 
upon  the  solution  of  the  chloride  in  hydrochloric  acid. 

COMPOUNDS  OF  IRIDIUM  WITH  OXYGEN. 

0 

"Di-iridic  trioxide    'Ir'"  0  Ir^^Ir 

II  II ' 
0  0 

Iridic  oxide   1x0^.  0=lr=0. 

Di-iridic  trioxide,  'lv"'^0^.—Th.iB  compound  is  formed  when 
finely  divided  iridium  is  heated  in  air.  At  a  higher  temperature 
it  is  again  decomposed  into  oxygen  and  metal.  It  is  most  readily 
prepared  by  heating  a  mixture  of  potassic  iridic  chloride  and  sodic 
carbonate  to  low  redness : — 

2IrCl^,(KCl)2    +    4COJ^ao2    =   'lv"\0^  +    BNaCl  4- 

Potassic  iridic  Sodic  Di-iridic  Sodic 

chloride.  carbonate.  trioxide.  chloride. 

4KC1     +     4CO2     +  0. 

Potassic  Carbonic 
chloride.  anhydride. 

On  extracting  the  mass  with  water  the  oxide  remains  behind  as  a 
black  powder.  Hydrogen,  even  at  ordinary  temperatures,  reduces 
it  to  the  metallic  state, — When  a  solution  of  potassic  di-iridic 
chloride  is  precipitated  by  a  smaU  quantity  of  caustic  potash  with 
exclusion  of  air,  yellowish-green  di-iridic  hcxahydrate,  'Ir'^jHog,  is 
obtained.  It  is  soluble  in  excess  of  alkali,  and  oxidises  on  expo- 
sure to  air. 

Iridic  oxide,  IrOj. — When  moist  di-iridic  hexahydrate  under- 
goes spontaneous  oxidation  by  exposure  to  air,  it  is  converted  into 
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indie  hydrate,  IrHo^.  The  same  compound  is  obtained  by  pre- 
cipitating iridic  chloride  with  caustic  alkali.  It  forms  an  indigo- 
blue  powder,  which  is  not  attacked  by  dilute  acids  with  the 
exception  of  hydrochloric.  When  carefully  heated  in  a  current  of 
carbonic  anhydride  it  is  converted  into  iridic  oxide,  which  is  thus 
obtained  as  a  black  powder  insoluble  in  acids. 

OXY.  SALTS  OF  IRIDIUM. 

These  are  comparatively  imimportant.  Salts  of  the  unknown  iridous  oxide,  IrO, 
have  been  prepared  :  thus  a  sodic  iridous  sulphite  of  the  formula 

S4O4]Srao6lro",10OH2 

is  known.  An  oxy-salt  corresponding  to  di-iridic  trioxide  is  di-iridic  trimlpliite, 
S303('Ir"'205)'',60H2,  which  is  obtained  as  a  crystalline  powder  by  dissolving  the 
liexahydi'ate  in  sulphurous  acid  and  evaporating.    No  iridic  oxy-salts  are  known. 

Ammonium  compounds  of  iridium  corresponding  with  those  of  platinum  have 
been  prepared. 

COMPOUNDS  OF  IRIDIUM  WITH  SULPHUR. 

Iridous  sulphide,  IrS",  is  obtained  as  a  lustrous  metallic  mass  when  the  metal 
is  heated  in  the  vapour  of  sulphur. 

Di-iridic  trisulphide,  'Ir"'2S"3,  is  obtained  as  a  brown  precipitate  when  sulphu- 
retted hydrogen  is  passed  into  the  solution  of  a  di-iridic  salt. 

Iridic  sulphide,  IrS"2. — This  compound  is  prepared  by  heating  the  finely  divided 
metal  with  sodic  carbonate  and  sulphur,  extracting  the  mass  with  water.  The  iridic 
sulphide  remains  as  a  black  powder. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Iridium. — A  not  too  dilute  solution  of  an  iridic  salt  yields  with 
ammonic  chloride  a  dark-red  crystalline  precipitate  of  ammonic 
iridic  chloride.  From  the  solution  of  an  iridic  salt  sulphuretted 
hydrogen  precipitates  brown  di-iridic  trisulphide  ('Ir'^gS'^g)  with 
separation  of  sulphur.  Ferrous  sulphate  decolorises  the  solution 
of  an  iridic  salt ;  zinc  precipitates  black  spongy  iridium. 


RHODIUM,  Eh. 

Atomic  weight  =  104.     Molecular  weight  unknotvn.    Sp.  gr.  12'1. 

Atomicity  "  and  i^,  also  a  pseudo-triad.  Evidence  of  atomi- 
city \ — 

Ehodous  oxide    Rh"0. 

Dirhodous  hexachloride.   'Rh^'jClg. 

Dirhodous  trioxide   'Rll'"203. 

Ehodic  hydrate    Rh'^'Ho^. 

Ehodic  oxide   Rh^^'On. 
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JUstori/.—m-iodrnm  was  discovered  by  Wollaston  in  1804 
and  afterwards  investigated  more  thoroughly  by  Berzelius  and 
Glaus. 

Occurrence.— The  metal  occurs  in  small  quantity  in  platinum  ore 
Uxtracho7i.— The  only  source  of  rhodium  is  the  platinum 
residue  already  referred  to.  The  mixture  of  platinum,  paUadium 
and  Aodmm  precipitated  by  hydrogen  in  the  process  of  separatino- 
the  platinum  metals  is  redissolved  in  aqua-regia,  and  the  platinum 
13  precipitated  by  potassic  chloride.  After  expelling  the  excess 
of  acid,  the  rhodium  may  be  precipitated  as  sodic  dirhodous  sul- 
pUte,  Se06Nao6(TJi'"20,)vi,  by  boHing  the  dilute  solution  with 
hydric  sodic  sulphite.  The  metal  may  be  precipitated  by  reducino- 
agents  from  the  solutions  of  its  salts  and  fused  into  a  coherent 
mass  in  the  oxyhydrogen  furnace. 

Properties.— Rhodium  is  a  malleable  metal,  resembling  alumi- 
nium in  colour  and  lustre.  Its  fusing-point  Hes  between  that  of 
platinum  and  that  of  iridium.  When  heated  in  air  it  undergoes 
superficial  oxidation.  Pure  rhodium  is  insoluble  in  all  acids  and 
in  aqua-regia.  If,  however,  it  is  alloyed  with  an  excess  of  plati- 
num, or  with  zinc,  lead,  and  other  oxidisable  metals,  aqua-regia 
dissolves  it.  ° 


COMPOUND  OF  RHODIUM  WITH  CHLORINE. 

Dirhodic  hexackloride,  'Rh"'2Clg.— This  is  the  only  halogen 
compound  of  rhodium  which  is  known  with  certainty.  The  anhy- 
drous chloride  is  formed  when  the  finely  divided  metal  is  heated  in 
chlorine.  It  is  an  insoluble  rose-red  powder.  By  dissolving 
dirhodic  hexahydrate  in  hydrochloric  acid  and  evaporating  the 
solution,  a  dark-red  hyH  rated  chloride  is  obtained,  which  on  heat- 
ing is  converted  into  the  anhydrous  chloride. — Dirhodic  hexachlo- 
ride  forms  double  salts  with  the  alkaline  chlorides. 


COMPOUNDS  OF  RHODIUM  WITH  OXYGEN 

Ehodous  oxide  ....     RhO.  Eh=0. 

0 


T 


C-kh. 


Dirhodic  trioxide  ..     'Rh^Og.  Eh 

II  II 
0  0 

Ehodic  oxide   RhOa-  0=Eh=0. 
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Rlwdous  oxide,  RhO— Tins  compound  is  formed  with  incan- 
descence when  the  hexahydrate  is  heated.  It  is  a  dark-grey 
powder,  insoluble  in  acids. 

Dirhodic  trioxidc,  'Rh^'gOg,  is  obtained  as  a  grey  spongy  lustrous 
mass  by  heating  the  nitrate.  It  does  not  dissolve  in  acids. — 
Dirhodic  hexahydrate  is  prepared  by  the  action  of  hot  caustic 
potash  upon  sodic  dirhodic  chloride,  'R]i"'2Cl6>6N'aCl,30H2.  It  is  a 
brownish-black  gelatinous  precipitate,  difficultly  soluble  in  acids. 
By  the  action  of  caustic  soda  upon  the  double  chloride  in  the 
cold,  yellow  crystals  of  the  hydrate  'Rll'''2ll0g,2OH2  are  obtained. 
These  dissolve  readily  in  acids. 

Rhodic  oxide,  Rh02,  is  obtained  by  repeatedly  fusing  finely 
divided  rhodium  with  caustic  potash  and  nitre.  It  is  a  brown 
powder,  insoluble  in  acids. 

OXT- SALTS  OF  ES ODIUM. 

These  are  derired  from  dirhodic  Irioxide. 

Dirhodic  nitrate,  N50i2('E.h"'20|;)''',  is  uncrystallisable. 

Dirhodic  sulphate,  S306('Eh"'205)^',120H._,,  is  obtained  as  a  yellow  soluble  crys- 
talline mass  by  evaporating  the  solution  of  the  yellow  hydrate  in  sulphuric  acid. 

Dirhodic  sulphite,  S303('Eh"'20g)''',60ir2,  remains  as  a  yellow,  difficultly  crystal- 
lisable  mass  when  the  solution  of  the  yellow  hydrate  in  sulphurous  acid  is  eva- 
porated. 

Ammonium  compounds  of  rhodium  have  been  prepared. 

COMPOUND  OF  RHODIUM  WITS  SULPHUR. 

Rhodoics  sulphide,  BhS". — -This  compound  is  formed  as  a  fused  metallic  mass 
when  rhodium  is  heated  in  the  vapour  of  sulphur. 

General  Properties  and  Eeactions  op  the  Compounds  of 
Ehodium. — The  solutions  of  the  dirhodic  salts  are  sometimes  rose- 
coloured,  sometimes  yellow.  Caustic  alkalies  give  a  yellow  precipi- 
tate, which,  on  heating  the  liquid  with  the  precipitate,  becomes 
brownish-black,  and  then  consists  of  dirhodic  hexahydrate.  Sul- 
phuretted hydrogen  and  ammonic  sulphide  give,  after  protracted 
action  aided  by  heat,  a  brown  precipitate,  probably  a  dirhodic 
trisulphide  ('Rh'"2S"3).  Fotassic  iodide  precipitates  sparingly 
soluble  yellow  dirhodic  hexiodide.  Zinc  precipitates  black  metatlic 
rhodium. 
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OCTAD  ELEMENTS. 

OSMIUM,  Os. 

^'T;yr^^l=.^,^^:^;  ^^olecmar  weight  unknown.  Sp.cjr. 
22  4/7.  Ato^maty  ,  v.,  and  v^,  aZs.  a pseudo-triad.  Evidence 
oj  atomicity : — 

Osmous  oxide   Os"0 

Diosmic  trioxide   'Os'"  0 

Osmic  chloride   Os'^Cl  ^ 

Potassic  osmate    Os^'O  *Ko 

Osmic  peroxide    Os'^'^'O^  ^ 

5zsto?7/.— Osmium  was  discovered  in  1804,  by  Smithson- 
Tennant. 

Occurrence.~lt  occurs  alloyed  with  iridium,  in  the  ores  of 
platinum.  This  alloy,  known  as  osmiridiuvi,  remains  behind  when 
the  ore  is  treated  witli  aqua-regia. 

Hxtraction.—li  in  the  preparation  of  iridium  (p.  682)  the  mix- 
tiire  of  the  finely  divided  platinum  metals  with  baric  chloride  be 
heated  in  a  current  of  moist  clilorine,  the  greater  part  of  the 
osmium  is  volatilised  as  osmic  peroxide,  and  may  be  condensed  in 
a  cooled  receiver.  The  rest  of  the  osmium  may  be  recovered  if  tlie 
solution  containing  the  chlorides  of  the  platinum  metals,  which 
remains  after  the  precipitation  of  the  barium  in  the  above  opera- 
tion (p.  682),  be  mixed  with  excess  of  nitric  acid  and  distilled. 
The  aqueous  distillate  contains  the  osmium  as  peroxide.  On 
adding  to  the  solution  of  the  peroxide  ammonia  and  ammonic 
sulphide,  the  osmium  is  precipitated  as  osmic  persulphide,  OsS"^. 
This  is  mixed  with  sodic  chloride  and  heated  in  a  slow  current  of 
chlorine.  On  extracting  with  water,  a  solution  of  sodic  osmic 
chloride,  OsCl4,2N'aCl,  is  obtained,  from  which  on  the  addition  of 
ammonic  chloride  the  osmium  is  precipitated  as  ammonic  osmic 
chloride,  0801^,2 NH4 CI.  When  this  is  ignited  in  a  covered 
crucible,  metallic  osmium  is  obtained  as  a  spongy  mass. 

By  fusing  spongy  osmium  with  tin,  and  dissolving  the  tin  with 
hydrochloric  acid,  osmium  is  obtained  in  crystals. 

Properties. — Osmium  is  not  fusible  at  the  highest  temperatures, 
though  it  is  volatile  when  heated  to  the  fusing-point  of  iridium. 
Heated  in  air  it  burns,  forming  osmic  peroxide,  and  if  a  quantity 
of  finely  divided  osmium  be  ignited  at  one  point,  the  ignition  is 
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propagated  throughout  the  mass.  Aqua-regia  also  oxidises  the 
finely  divided  metal  to  peroxide.  Crystallised  osmium  forms 
cubes.  In  this  condition  it  has  a  sp.  gr.  of  22-477,  and  is  therefore 
the  heaviest  substance  known. 

COMPOUNDS  OF  OSMIUM  WITH  CHLORINE. 

Diosmic  hexacMoride,  'Os'"2d6>  is  known  only  in  the  form  of  its 
double  chloride.  Potassic  diosmic  chloride,  'Os'"2Cl6)6KCl,60H2, 
forms  dark-red  crystals. 

Osmic  chloride,  OsCl^,  is  obtained  as  a  red  sublimate  when  the 
metal  is  heated  in  dry  chlorine.  It  dissolves  in  water  yielding  a 
yellow  solution,  which  gradually  deposits  lower  oxides  of  osmium, 
and  becomes  colourless.  The  solution  then  contains  osmic  peroxide 
and  hydrochloric  acid.    Osmic  chloride  forms  double  salts. 

COMPOUNDS  OF  OSMIUM  WITH  OXYGEN. 
Osmous  oxide  .... 

Diosmic  trioxide . . 

Osmic  oxide  

Osmic  peroxide   . . 


Osmous  oxide,  OsO,  is  obtained  as  a  greyisli-black  powder, 
insoluble  in  acids,  by  heating  a  mixture  of  osmous  sulphite, 
SOOso",  with  sodic  carbonate,  in  a  current  of  carbonic  anhy- 
dride. 

Diosmic  tnoxide,  '08"\0^,  is  prepared  by  heating  potassic  di- 
osmic chloride  with  sodic  carbonate.  It  is  a  black  powder 
insoluble  in  acids. 

Osmic  oxide,  OsO^,  is  obtained  in  a  similar  way  from  potassic 
osmic  chloride,  OsCl4,2KCl.  Thus  prepared  it  forms  a  greyish- 
black  powder  ;  but  by  heating  osmic  hydrate  in  a  current  of  car- 
bonic anhydride,  it  is  obtained  in  copper-coloured  masses,  possess- 
ing a  metallic  lustre.— Osmic  hydrate,  OsHo^,  is  formed  as  a  black 

2  Y 


OsO.  Os=0. 

0 

2^3- 


'Os"' 0,.      Os— Os 


0  o 

OsOa.  0=0s=0. 

0 

II 

OSO4.  0=0s=0. 

II 

0 
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precipitate  when  reducing  agents,  such  as  alcohol,  are  added  to  the 
aqueous  solution  of  osmic  peroxide. 

Osmic peroxide  (Osmic  anhydride,  Osmic  acid),  OsO^.  Molecular 
volume  CO-— This  remarkable  compound  is  formed  when  the 
finely  divided  metal,  or  any  of  the  lower  oxides  of  osmium,  is 
lieated  in  air  or  oxygen,  or  dissolved  either  in  nitric  acid  or 
in  aqua-regia.  If  the  finely  divided  metal  has  been  previously 
ignited  with  exclusion  of  air,  these  solvents  are  without  action 
upon  it.  Osmic  peroxide  forms  long  colourless  prisms  or  needles, 
with  a  powerful  and  irritating  odour.  They  sublime  even  at  ordinary 
temperatures,  and  when  gently  heated  fuse  to  a  colourless  liquid, 
which  boils  without  decomposition  at  100°.  Osmic  peroxide  dis- 
solves in  water,  yielding  a  neutral  solution  with  a  powerful  odour 
and  a  burning  taste.  Alcohol  and  ether  precipitate  from  the  solu- 
tion osmic  hydrate.  Sulphurous  anhydride  colours  the  solution  in 
turn  yellow,  brown,  green,  and  finally  blue,  at  which  point  the 
liquid  contains  osmous  sulphite.  The  vapour  of  osmic  peroxide, 
even  when  largely  diluted  with  air,  attacks  the  lungs,  producing 
dangerous  inflammation  of  the  mucous  membrane.  It  also  acts 
violently  upon  the  eyes,  and  may  even  cause  blindness,  owing  to  the 
deposition  of  a  film  of  metallic  osmium  upon  the  eye.  Brought  in 
contact  with  the  skin,  osmic  peroxide  produces  a  painful  eruption, 
which  is  very  difficult  to  heal. 

OXY-SALtS  OF  OSMIUM. 
These  are  few  in  number,  and  unimportant. 

Osmous  sulphite,  SOOso",  is  obtained  by  passing  sulphurous  anhydride  into  a 
solution  of  osmic  peroxide  untU  the  solution  assumes  a  blue  colour,  and  then  adding 
sodic  sulphate.  The  osmium  salt,  wliich  is  sparingly  soluble  in  a  solution  of  sodium 
sulphate,  is  deposited  as  a  dark -blue  precipitate. — Hydric  potassic  osmous  sulphite, 
S305Ho2Ko60so",40Ho,  is  obtained  as  a  rose-red  precipitate  by  heating  a  solution 
of  potassic  diosmic  chloride  (p.  689)  with  potassic  sulphite. 

The  Osmates. 

Neither  osmic  acid,  O^O^o^,  nor  its  anhydride,  OsOg,  is 
known ;  but  some  of  the  salts  of  osmic  acid  have  been  prepared. 

Potassic  osmate,  Os02Ko2,20H,  is  obtained  by  adding  alcohol 
or  potassic  nitrite  to  a  sufficiently  concentrated  solution  of  the 
peroxide  in  potassic  hydrate.  The  peroxide  is  reduced  and  unites 
with  the  alkali  to  form  potassic  osmate,  which  gradually  separates 
as  a  dark-red  crystalline  powder. 
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,  Baric  osmate,  Os02Bao",  forms  black  lustrous  prisuidtic 
crystals. 

COMPOUNDS  OF  OSMIUM  WITH  SULPHUR. 

The  sulphides  of  osraium  have  been  but  little  studied.  Osmium  combines  with 
sulpliur  when  heated  in  its  vapour,  and  sulphuretted  hydrogen  precipitates  osmium 
lis  sulphide  from  its  solutions.  From  solutions  containing  osmium  in  its  lower 
stages  of  oxidation  a  yellow  sulphide  is  precipitated  ;  whilst  solutions  of  the  peroxide 
give  a  brown  precipitate  of  osmic  persuphide,  OsS"^. 

General  Peoperties  and  Eeactions  of  the  Compounds  of 
Osmium. — Osmium  and  its  compounds  are  best  characterised  by  the 
readiness  with  which  they  yield  the  volatile  peroxide,  recognisable 
by  its  powerful  odour.  All  osmium  compounds  when  boOed  with 
nitric  acid,  give  off  vapours  of  the  peroxide. 


RUTHENIUM,  Eu. 

Atomic  toeight  =  104.  Molecular  weight  unknown.  jSp.  gr.  12-26. 
Atomicity  ",  vi^  and  ^i",  also  a  pseudo-triad  and  a  pseudo- 
heptcul.    Evidence  of  atomicity  : — 

Euthenous  oxide    Ru^O. 

Diruthenic  hexachloride  ....  'Ru^'jClg- 

Euthenic  chloride   Ru'^Cl^. 

Potassic  ruthenate   Hw'^O^Ko^. 

Potassic  perrutheuate    'Ruv"206^^02- 

Euthenic  peroxide   Ru^^'O^. 

ffistory. —nntheumm  was  first  distinctly  recognised  as  a  new 
metal  by  Glaus,  in  1845. 

Occtcrrence.—'Ruthenmm  is  found  alloyed  witli  the  other 
platinum  metals  in  platinum  ore.  Gombined  with  sulphur  it 
occurs  as  the  mineral  laurite,  'Ru^'.^S'g. 

Extmction.—T\xQ  insoluble  residue  of  ruthenium  obtained  in 
the  preparation  of  iridium  (p.  682)  may  be  purified  by  fusion  with 
a  mixture  of  potassic  hydrate  and  nitre.  On  treating  the  fused 
mass  with  water  the  ruthenium  goes  into  solution  as  potassic 
ruthenate.  The  orange-red  solution  is  boiled  with  an  excess  of 
nitric  acid  until  the  colour  has  disappeared ;  in  this  way  the  ruthe- 
nium IS  precipitated  as  diruthenic  trioxide,  which  by  io-nitio,i 
ni  a  graphite  crucible  is  converted  into  the  metal.    It  may  be  fused 
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into  a  coherent  mass  in  a  lime  crucible  by  means  of  the  oxyhydro- 
gen  flame. 

Properties.— Euthenium  is  a  white  metal,  hard  and  brittle  like 
iridium,  and  still  more  difficultly  fusible  than  this  metal.  The 
finely  divided  metal  is  oxidised  when  heated  in  air.  Aqua-reo-ia 
attacks  it  only  very  slowly. 

COMPOUNDS  OF  RUTHENIUM  WITH  THE  HALOGENS. 

Ruthenous  chloride,  RUCI2,  is  prepared  by  gently  heating  the 
finely  divided  metal  in  a  current  of  chlorine.  It  is  a  black  crys- 
talline powder,  insoluble  in  acids. 

Diruthenic  hexacMoricle,  'Ru'"2Cl6,  is  obtained  as  a  yellow 
crystalline  deliquescent  mass  by  dissolving  diruthenic  hexahydrate 
in  hydrochloric  acid  and  evaporating  to  dryness.    It  forms  double, 
chlorides  with  the  chlorides  of  the  alkalies  : — 'Ru^'jCL  4KC1  and 
'Ru"^2Cl6,4NH4Cl. 

Diruthenic  hexiodide,  'Ilu"'2l6,  is  obtained  as  a  black  powder  wben  potassic  iodide 
is  added  to  a  solution  of  the  chloride. 

Ruthenic  chloride,  RuCl^,  is  obtained  as  a  reddish-brown  mass 
by  dissolving  ruthenic  hydrate  in  hydrochloric  acid  and  eva- 
porating. It  forms  with  the  chlorides  of  the  alkalies  double 
chlorides,  corresponding  with  those  of  platinic  chloride.  The 
potassium  compound  has  the  formula  RuCl4,2KCl,  and  crystallises 
in  red  regular  octahedra. 


COMPOUNDS  OF  RUTHENIUM  TFITH  OXYGEN. 

Euthenous  oxide  . .     RuO.  Eu=0. 

0 

/\ 

Diruthenic  trioxide    Ru'^gOs'  — 


Euthenic  oxide   . .     RuOg.  0=Eu=0 


0  0 
Ru 
0 
II 

Euthenic  peroxide      RUO4.  0=Eu=0. 

0 

Ruthenous  oxide,  RuO,  is  obtained  by  calcining  ruthenous 
chloride  with  sodic  carbonate  and  extracting  the  cooled  mass  with 
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water,  when  the  oxide  remains  as  a  dark-grey  powder  insoluble  in 
acids. 

Diruthenic  irioxide,  ''R\x."'^0^,  is  formed  when  finely  divided 
ruthenium  is  heated  for  a  considerable  time  in  contact  with  air. 
It  is  a  bluish-black  powder,  which  does  not  part  with  its  oxygen 
even  at  a  white  heat.  Acids  are  without  action  upon  it. — Diruthenic 
hexahjdrate,  'Ru'^gSog,  is  obtained  as  a  dark-brown  precipitate 
when  a  caustic  alkali  is  added  to  a  solution  of  diruthenic  hexa- 
chloride.    It  dissolves  in  acids,  yielding  a  yellow  solution. 

Buthenic  oxide,  RuOg,  is  prepared  by  heating  ruthenic  sulphide 
in  air  or  by  heating  finely  divided  ruthenium  very  strongly  in  a 
current  of  air.  In  the  latter  case  the  oxide  sublimes  in  green 
quadratic  pyramids,  isomorphous  with  those  of  tin-stone  and  rutile. 
— Ruthenic  hydrate,  RuHo^.SOHg  is  a  dark-red  powder  obtained 
by  precipitating  solutions  of  ruthenic  salts  with  caustic  alkali.  It 
deflagrates  on  heating. 

Buthenic  peroxide,  RuO^. — In  order  to  prepare  this  compound 
a  solution  of  potassic  ruthenate  (p.  694)  is  introduced  into  a  retort 
and  a  rapid  current  of  chloride  is  passed  through  the  liquid.  In 
the  oxidation  which  occurs  considerable  heat  is  evolved,  and  the 
ruthenic  peroxide  which  is  formed  volatilises  in  the  current  of 
chlorine,  and  condenses  in  the  neck  of  the  retort  and  in  the  well- 
cooled  receiver  as  a  yellow  crystalline  mass  consisting  of  rhombic 
prisms.  It  is  purified  by  fusion  under  a  small  quantity  of  water. 
The  crystals  fuse  at  40°  to  a  liquid  which  boils  a  little  above  100°, 
yielding  a  golden-yellow  vapour  with  an  extremely  irritating  odour. 
The  experiment  of  distilling  the  peroxide  alone  ought  never  to  be 
performed,  as  the  heated  substance  is  apt  to  decompose  with 
violent  explosion.  The  compound  ought  to  be  volatilised  as  above 
at  a  lower  temperature  in  a  current  of  some  gas.  Moist  ruthenic 
peroxide  is  rapidly  decomposed  with  evolution  of  oxygen  and 
formation  of  diruthenic  hexahydrate;  the  dry  substance  is  more 
stal)le.    It  is  sparingly  soluble  in  water. 

OXY- SALTS  OF  RUTRSNIUM. 
These  are  unimportant  and  have  been  little  studied. 

Huthenic  sulphate,  S.^O^Umo^'',  is  obtained  by  oxidising  ruthenic  sulphide  with 
nitric  acid  and  evaporating  the  solution.  It  is  a  deliquescent  powder  resembling'in 
appearance  mosaic  gold. 
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RUTHENATES  AND  PERRUTIIENATES. 

Two  oxides  of  ruthenium— ruth enic  anhydride,  RuO  and 
perrutlienic  anhydride,  Ru,0— intermediate  between  ruthenic 
oxide  and  ruthenic  peroxide,  are  known  only  in  the  form  of  the 
salts  of  their  acids. 

Potassic  ruthenate,  RuOJCo,,  is  formed  when  finely  divided 
ruthenium  is  fused  with  a  mixture  of  caustic  potash  and  nitre  or 
potassic  chlorate.  It  dissolves  in  water,  yielding  a  reddish-yeUow 
solution  with  an  astringent  taste.  The  solution  colours  organic 
substances  black. 

Potassic  perr%it]ie7mte/-R\JC'^\O^Ko,_M  formed  when  chlorine  acts 
upon  the  preceding  salt  in  aqueous  solution : — 

2RuO,Ko2    +    CI2   =   'Ru-'.OgKo^  +  2KC1. 

^°*^assic  Potassic  Potassic 

ruthenate.  perruthenate.  chloride. 

The  dark-green  solution  deposits  small  black  crystals  isomorphous 
with  potassic  permanganate. 

Ammonium  compounds  of  ruthenium  have  been  prepared. 

COMPOUND  OF  RUTEHNIUM  WITH  SULPEUE. 

Biruthenic  trisul/pUde,  'Ru"'2S"3.— This  compound  occurs  as  the  mineral  laurite 
in  some  platinum  ores.  It  crystalUses  in  octahedra.  A  part  of  the  ruthenium  is 
generally  replaced  by  osmium.  The  same  compound  is  obtained  as  a  dark 
metallic  powder  by  precipitating  solutions  of  ruthenium  salts  with  sulphuretted 
hydrogen  and  drying  the  precipitate  in  a  current  of  carbonic  anhydride. 

General  Properties  and  Eeactions  of  the  Compounds  of 
PiUTHENiUM. — Solutions  of  ruthenic  salts  yield  with  potassic  chloride 
and  ammonic  chloride  dark-red  crystalline  precipitates  of  the 
corresponding  double  clilorides.  Sulphuretted  hydrogen  first  changes 
the  colour  of  the  liquid  to  blue,  and  afterwards  precipitates  brown 
diruthenic  trisulphide.  Zinc  also  changes  the  colour  of  the  solution 
to  blue,  and  afterwards  decolorises  it  with  precipitation  of  black 
metallic  ruthenium.  The  formation  of  a  volatile  peroxide  (p.  693) 
is  common  to  this  metal  and  osmium. 
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CHAPTER  XXXIX. 

TETRAD  ELEMENTS. 

Section  V. 
LEAD,  Pb. 

Atomic  weight  =  206-5.    Molecular  weight  unknown.    Sp.  gr.  11-37. 
Fuses  at  326°.    Boils  at  a  ivhite  heat.    Atomicity  "  and 
Sometimes  also  a  pseudo -triad.    Evidence  of  atomicity : — 

Plumbic  chloride   Pb"Cl2. 


Plumbic  oxide  .    Pb"0. 

Plumbic  tetrethide   Pb^^Et^. 

Plumbic  peroxide   Pb*^02. 

Diplumbic  hexetliide   'Pb'"2^^tg. 


History. — Lead  has  been  known  from  the  earliest  historical 
times.  The  alchemists,  who  believed  that  a  connection  existed 
between  the  metals  and  the  planets,  designated  lead  Saturn,  a  name 
which  is  still  preserved  in  the  expression  "  saturnine  poisoning," 
sometimes  applied  to  poisoning  by  lead. 

Occurrence. — Lead  occurs  widely  distributed  in  nature.  Native 
lead  has  been  found  in  small  quantities  in  volcanic  tufa.  The 
chief  ore  of  lead  is  the  sulphide,  or  galena,  PbS".  Other  lead 
minerals  are  the  carbonate  or  cerussite,  COPbo",  and  the  sulphate 
or  anglesite,  SO^Pbo".  It  also  occurs  as  phosphate,  arsenate,  chro- 
mate  and  molybdate.  England  and  Spain  furnish  the  chief  supply 
of  lead.  In  England  the  most  important  mines  are  those  of 
Cornwall  and  Cumberland. 

JExtraction. — Lead  is  chiefly  obtained  from  galena.  This  ore  is 
first  roasted  in  a  reverberatory  furnace,  by  which  treatment  a 
portion  of  the  sulphide  is  converted  into  oxide  or  sulphate.  The 
temperature  of  the  furnace  is  then  raised,  when  the  oxide  and 
sulphate  react  with  the  unaltered  sulphide,  and  a  mutual  reduction 
to  metallic  lead  occurs,  with  evolution  of  sulphurous  anhydride : — 

PbS"    +    2PbO    =    3Pb    +  SO2. 

Plumbic  Plumbic  Sulpliuroiis 

sulphide.  oxide.  auliydi-ide. 
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PbS"    +.   SO^Pbo"    =    2Pb    +  2S0„. 

Plumbic  sulphate. 

The  above  process  can  be  employed  only  with  ores  of  lead 
which  are  free  from  other  metallic  sulphides.  In  the  case  of  ores 
containing  pyrites,  zinc-blende  and  other  impurities,  the  precipitation 
process  is  employed.  In  this  process  the  ore  is  reduced  by  fusion 
with  cast  iron,  less  of  this  metal  being  employed  than  is  required 
to  reduce  the  whole  of  the  galena  present.  The  iron  combines 
with  the  sulphur  to  form  ferrous  sulphide,  which  rises  to  the 
surface  with  the  other  sulphides,  whilst  the  molten  lead  sinks  to 
the  bottom  of  the  furnace,  and  can  be  drawn  off. 

The  lead  obtained  by  either  of  the  above  processes  always 
contains  silver.  This  is  profitably  extracted  by  Pattinson's  process 
of  desilverisation  (p.  500).  The  oxide  obtained  in  cupeUing  the 
portions  of  lead  rich  in  silver  is  reduced  by  heating  with  carbon  in 
a  low  blast-furnace. 

Lead  generally  contains  antimony,  tin,  and  other  impurities,  the 
]jresence  of  which  renders  the  metal  hard.  The  process  of  removing 
these  impurities,  known  as  softening  or  improving  the  lead,  consists 
in  partially  oxidising  it  in  a  shallow  cast-iron  pan  on  the  bed  of  a 
reverberatory  furnace.  The  impurities  are  oxidised  more  readily 
than  the  lead,  and  pass  into  the  layer  of  oxide  which  forms  on  the 
surface  of  the  metal. 

Properties. — Lead  is  a  bluish-white  metal,  lustrous  on  the 
freshly  cut  surface.  It  is  very  soft  and  may  be  cut  with  a  knife  or 
scratched  with  the  nail.  It  may  be  rolled  into  sheets  or  foil,  but, 
owing  to  its  want  of  tenacity,  cannot  be  drawn  into  thin  wire, 
though  it  may  be  formed  into  wire  by  pressing  through  a  narrow 
opening.  Lead  contracts  in  solidifying,  and  objects  cast  in  this 
metal  frequently  contain  cavities.  It  may  be  obtained  in  regular 
octahedra  by  fusing  a  quantity  of  the  metal,  allowing  it  partially 
to  solidify  and  then  pouring  off  the  liquid  portion.  It  may  also  be 
obtained  in  the  form  of  an  aggregation  of  lustrous  lamiuse  (lead- 
tree)  by  the  electrolysis  of  solutions  of  its  salts,  or  by  suspending 
a  piece  of  zinc  or  iron  in  such  a  solution.  A  clean  and  bright 
surface  of  lead  speedily  tarnishes  on  exposure  to  air,  owing  to 
oxidation.  The  fused  metal  becomes  covered  with  a  black  film  of 
sub-oxide,  which  at  a  higher  temperature  is  converted  into  yellow 
oxide.  Pure  water  is  without  action  upon  lead  as  long  as  air  is 
excluded,  but  in  presence  of  air  plumbic  hydrate  is  formed,  which 
is  somewhat  soluble  in  water.    The  presence  of  minute  quantities 
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of  carbonates  and  phosphates  in  water  greatly  diminishes  this 
solubility  and  prevents  the  corrosion  of  the  lead.  These  facts  are 
of  great  importance  from  a  sanitary  point  of  view,  owing  to  the 
universal  employment  of  lead  pipes  for  conveying  a  supply  of 
water,  and  the  poisonous  character  of  the  compounds  of  lead. 
Fortunately  almost  all  natural  waters  contain  carbonates  or  phos- 
phates, and  the  lead  is  thus  protected  from  corrosion.  Dihydric 
calcic  dicarbonate— the  solution  of  calcic  carbonate  in  carbonic 
acid — an  impurity  present  in  most  natural  waters,  is  especially 
efficacious  in  this  respect,  causing  a  film  of  insoluble  basic  plumbic 
carbonate  to  be  formed  upon  the  surface  of  the  lead.  Basic 
plumbic  carbonate,  CO(OPb"Ho)2  dissolves  in  pure  water  only  to 
the  extent  of  a  sixtieth  of  a  grain  to  the  gallon :  when  a  solution  of 
plumbic  hydrate  in  distilled  water  is  exposed  to  the  air  carbonic 
anhydride  is  absorbed  and  the  basic  carbonate  is  deposited  in  silky 
crystals.  Lead  resists  to  a  great  extent  the  action  of  sulphuric 
and  hydrochloric  acids,  but  dissolves  readily  in  nitric  acid. 

Z/ses— The  ease  with  which  lead  may  be  worked  and  its  power 
of  resisting  the  action  of  air,  moisture,  and  acids,  have  led  to  its 
employment  for  various  purposes :  thus  it  is  used  for  water-pipes, 
for  roofiug  houses,  and  in  the  construction  of  sulphuric  acid  cham- 
bers. Eifle  bullets  and  small  shot  are  also  made  of  this  material, 
about  0-5  per  cent,  of  arsenic  being  added  in  the  latter  case  in  order 
to  aid  the  metal  in  assuming  the  spherical  form.  Various  alloys  of 
lead  are  also  used  in  the  arts.  Ti/pe  metal  is  an  alloy  of  2  parts 
of  lead,  1  of  antimony  and  1  of  tin.  Plumher's  solder  is  an  alloy 
of  lead  and  tin  (p.  351). 

COMPOUNDS  OF  LEAD  WITH  THE  HALOGENS. 

Plumbic  chloeide,  PbClj.  Molecular  volume  I  I  I . — This  com- 
pound has  been  found  in  the  crater  of  Vesuvius  as  the  mineral 
cotunnite.  Hydrochloric  acid  attacks  lead  only  very  slowly,  but 
hot  aqua-regia  dissolves  it  readily,  depositing  crystals  of  the 
chloride  on  cooling.  It  is  best  prepared  by  dissolving  the  oxide  or 
the  carbonate  in  hydrochloric  acid.  It  is  also  precipitated  as  a 
crystalline  powder  when  hydrochloric  acid  or  a  soluble  chloride  is 
added  to  a  not  too  dilute  solution  of  a  lead  salt. — Plumbic  chloride 
crystallises  from  water  in  long,  colourless,  lustrous  prisms.  It  is 
soluble  at  ordinary  temperatures  in  130  parts,  at  100°  in  less  than 
30  pa.rts  of  water.  When  fused  with  exclusion  of  air,  it  solidifies 
on  cooling  to  a  white  horn-like  mass,  but  if  air  be  admitted,  it  is 
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converted  into  oxychloride.  Oxychlorides  of  varying  composition 
are  obtained  by  fusing  together  plumbic  oxide  and  plumbic 
chloride,  or  by  precipitating  a  solution  of  plumbic  chloride  with 
an  insufficiency  of  lime-water  or  ammonia.  Those  which  are  ricli 
m  chlorine  are  white;  those  which  are  rich  in  oxygen  are  yellow 
Some  of  these  compounds  are  employed  as  pigments.  Cassd 
yellow  15  an  oxychloride  obtained '  by  heating  plumbic  oxide  with 
ammonic  chloride.  A  white  oxychloride,  prepared  by  precipitating 
plumbic  chloride  with  lime-water,  is  employed  as  a  substitut-e  for 
white  lead. 

PlumUc  perchloride,  PbCl^,  exists  only  in  solution.  When  plumbic  peroxide  is 
dissolved  m  well-cooled  concentrated  hydrochloric  acid,  a  strongly  oxidising  Uquid 
which  eyolves  chlorine  on  heating,  is  obtained. 

Plumbic  bromide,  PbBi-j,  resembles  the  chloride. 

Plumbic  iodide,  Pbl^.— This  compound  is  precipitated  as  a 
orystalliue  yellow  powder  when  a  soluble  iodide  is  added  to  a  solu- 
tion of  a^  lead  salt.  It  is  almost  insoluble  in  cold,  but  dissolves 
slightly  in  hot  water,  yielding  a  colourless  solution,  which  on 
cooling  deposits  the  iodide  in  yellow  laminae.  Plumbic  iodide, 
when  heated,  becomes  first  red,  then  black,  and  finally  fuses  to  a 
dark-coloured  liquid,  which  on  cooling  solidifies  to  a  yellow  crys- 
talline mass.  It  dissolves  in  solutions  of  the  alkaline  iodides  to 
form  double  salts. 

Plumbic  fluoride,  PbFo,  is  precipitated  as  a  white  almost  insoluble  powder, 
wlien  hydrofluoric  acid  is  added  to  the  solution  of  a  lead  salt. 

COMPOUNDS  OF  LEAD  WITH  OXYGEN. 

Pb 


Plumbous  oxide. 


Pb 
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Plumbic  oxide   PbO. 
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Pb^ 
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Diplumbic  trioxide  . 


PbOPbo".    0=Pb(  Pb 


Plumbic  peroxide  . . . 
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Triplumbic  tetroxide. .     PbPbo",.  Pb/ 
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Plnmbous  oxide,  Th'^O,  is  best  prepared  by  heating  plumbic 
oxalate  to  300°  with  exclusion  of  air : — 

|p^0    +    3CO2    +  CO. 

Plnmbous  Carbonic  Carbonic 

oxide.  anhydride.  oxide. 

It  is  a  black  powder.  When  lead  is  fused  in  air,  avoiding  too 
high  a  temperature,  the  same  compound  is  formed  as  a  grey  film 
on  the  surface  of  the  metal.  When  heated  to  redness  with  exclu- 
sion of  air,  plnmbous  axide  is  decomposed  into  plumbic  oxide  and 
metallic  lead ;  if  air  is  admitted,  it  burns  like  tinder  and  is  totally 
converted  into  plumbic  oxide.  It  slowly  undergoes  the  same  con- 
version when  exposed  to  the  air  in  a  moist  state.  With  acids  it 
yields  plumbic  salts  with  separation  of  metallic  lead. 

Plumbic  oxide  (Litharge),  PbO. — This  compound  is  prepared 
by  heating  lead  in  air  or  by  igniting  plumbic  carbonate  or  nitrate. 
It  is  obtained  as  a  by-product  in  various  metallurgical  operations 
— notably  in  Pattinson's  process  for  the  desilverisation  of  lead 
(p.  500). — Plumbic  oxide  is  a  yellow  powder,  which  when  strongly 
heated  fuses,  and  on  cooling  solidifies  to  a  yellow  micaceous  mass, 
sometimes  with  a  shade  of  red.  It  is  slightly  soluble  in  water,  to 
which  it  imparts  an  alkaline  reaction.  Acids  dissolve  it,  forming 
the  various  salts  of  lead.  Carbonic  oxide  at  100°,  and  hydrogen  at 
310°,  reduce  it  to  metallic  lead.  Plumbic  oxide  absorbs  carbonic 
anhydride  from  the  air. — Litharge  is  employed  in  the  preparation 
of  the  various  salts  and  pigments  of  lead,  in  the  manufacture  of 
flint-glass,  and  in  glazing  earthenware. 

Diphtmbic  oxydihydrate,  Pb20Ho2,  is  precipitated  when  ammo- 
nia is  added  in  excess  to  a  solution  of  plumbic  nitrate.  Caustic 
alkalies  may  be  substituted  for  ammonia,  but  in  this  case  an  excess 
of  the  precipitant  must  be  avoided,  as  this  would  dissolve  the 
plumbic  hydrate.  It  is  a  white  bulky  precipitate, ' difficult  to 
obtain  free  from  basic  salts.  It  is  slightly  soluble  in  water. — The 
hydrate  PbHoj  has  not  been  prepared. 

Diplumbic  trioxide,  PbOPbo",  is  precipitated  as  a  reddish- 
yellow  powder,  when  sodic  hypochlorite  is  carefully  added  to  a  solu- 
tion of  plumbic  hydrate  in  caustic  soda.  It  is  decomposed  at  a  red 
heat  into  plumbic  oxide  and  oxygen.  Hydrochloric  acid  dissolves 
it  completely  in  the  cold,  yielding  a  yellow  liquid,  which  speedily 
evolves  chlorine  an,d  then  contains  plumbic  chloride.     Oxy- acids 


2{gOpbo"  = 

Plumbic 
oxalate. 
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take  up  half  the  lead  of  this  oxide  to  form  plumbic  salts,  whilst 
the  other  half  remains  undissolved  as  plumbic  peroxide 

Triplumbic  tetroxide,  PbPbo",.-This  compound  appears  to 
be  contamed  m  red-lead,  or  mvrdum,  which  is,  however,  a  substance 
of  varying  composition,  intermediate  between  plumbic  oxide  and 
diplumbic  trioxide.  When  finely  divided  litharge  or  plumbic 
carbonate  is  heated  in  air  for  twenty-four  hours  to  dull  redness  it 
is  converted  into  a  heavy  scarlet  crystalline  powder.  It  becomes 
dark  when  heated,  but  recovers  its  original  colour  on  cooling.  At 
a  red-heat  it  is  decomposed  like  the  trioxide  into  plumbic'' oxide 
and  oxygen.  In  its  behaviour  towards  acids  it  also  resembles  that 
compound.— Eed  lead  is  employed  as  a  pigment,  also  for  electrical 
storage  batteries,  and  in  the  manufacture  of  the  finer  sorts  of  fiint- 
glass.  For  the  latter  purpose  the  excess  of  oxygen  which  it 
contains  serves  to  effect  the  combustion  of  organic  matters,  and 
thus  to  prevent  the  reduction  of  the  lead  which  would  cause'  the 
glass  to  blacken. 

Plumbic  peroxide  {Puce-coloured  oxide  of  lead),  PbOj,  is  most 
readily  obtained  by  treating  diplumbic  trioxide  or  red  lead  with 
nitric  acid,  when  the  peroxide  remains  as  a  dark-brown  amorpbous 
powder.  The  same  compound  is  formed  when  chlorine  is  passed 
into  an  alkaline  solution  in  which  plumbic  hydrate  is  suspended. 
It  is  also  deposited  on  the  positive  electrode  when  the  solution  of 
a  lead  salt  is  electrolysed.  It  occurs  native  in  black  six-sided 
prisms  as  plattncrite.  At  a  red  heat  it  is  decomposed  like  the 
other  higher  oxides  of  lead  into  plumbic  oxide  and  oxygen.  When 
introduced  into  an  atmosphere  of  sulphurous  anhydride,  it  is  con- 
verted with  incandescence  into  plumbic  sulphate  : — 

PbOa      +      SO2      =  SOaPbo". 

Plumbic  Sulphurous  Plumbic 

peroxide.  anhydride.  sulphate. 

Sulphuric  acid  dissolves  it  with  evolution  of  oxygen  and  formation 
of  plumbic  sulphate ;  hydrochloric  acid  dissolves  it  with  evolution 
of  chlorine  and  formation  of  plumbic  chloride ;  nitric  acid  is  without 
action  upon  it* — A  porous  mass  of  plumbic  peroxide,  generated 
by  electrolysis,  forms  the  negative  plate  in  the  Plants  secondary 
battery  and  other  electrical  storage  batteries  constructed  on  the 
same  principle  (see  p.  91). 
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OXY-SALTS  OF  LEAD. 

Plumbic  nitrate,  ■{  Pbo^',  is  best  prepared  by  dissolving 

litharge  in  an  excess  of  nitric  acid  and  evaporating  to  the  crys- 
tallising point.  The  salt  forms  colourless  octahedral  crystals, 
soluble  in  twice  their  weight  of  cold  water,  much  less  soluble  in 
■water  containing  nitric  acid.  It  is  almost  insoluble  in  alcohol. 
At  a  red  heat  it  fuses  and  is  decomposed  into  plumbic  oxide, 
nitric  peroxide,  and  oxygen.  Wlien  thrown  upon  red-hot  char- 
coal, it  deflagrates.  It  is  employed  as  a  mordant  in  dyeing  and 
calico-printing. — A  boiling  aqueous  solution  of  plumbic  nitrate 
■dissolves  plumbic  oxide,  and  on  cooling  deposits  acicular  crystals 
of  plumbic  nitrate  hydrate,  N02(OPb"Ho).  Other  basic  nitrates, 
of  the  formulae  N203Pbo"(OPb"Ho)2  and  NPho^'^COPb^Ho),  are 
obtained  by  precipitating  solutions  of  the  normal  nitrate  with 
ammonia. 

fNO 

Plumbic  nitrite,  <  Pbo",OH2. — This  compoiind  is  most  readily  obtained  by 

[no 

accurately  precipitating  argentic  nitrite  mth  plumbic  chloride  and  evaporatiag  the 
solution  in  vacuo  over  sulpliuric  acid.  Ifr  forms  soluble  yellow  prisma  or  laminse. 
If  the  solution  be  boiled,  nitrogen  is  evolved  and  a  basic  nitrite  is  formed.  If  a 
solution  of  plumbic  nitrate  in  fifty  times  its  weight  of  water  be  boiled  with  one  and 
a  half  parts  of  lead  for  twelve  hours,  the  liquid  deposits  on  cooling  flesh-coloured  • 
needles  of  diplumbic  nitrite  hydrate,  NPbo"(OPb"Ho).  If  carbonic  anhydride  be 
passed  into  the  solution  of  this  salt,  three-fourths  of  the  lead  is  precipitated  as 
carbonate,  and  the  liquid  contains  the  normal  nitrite.  If  a  solution  of  plumbic 
nitrate  be  digested  with  metallic  lead  for  a  few  hours  at  a  temperature  of  75°,  a 
yellow  liquid  is  obtained,  -which  on  cooling  deposits  lustrous  yellow  tabular  crystals 

rNHojPbo" 

of  dihydHe  diplumhic  nitrate  nitrite,  <  Pbo"        ,— a  salt  formerly  termed  "basic 

[no 

hyponitrate  of  lead."    Various  other  basic  nitrites  of  lead  have  been  prepared. 

Plumbic  carbonate,  COPbo",  occurs  native  as  the  mineral 
cerussite  in  lustrous  transparent  rhombic  crystals,  isomorphous  with 
those  of  arragonite.  The  same  salt  is  obtained  as  a  white  crystal- 
line precipitate  by  pouring  a  solution  of  plumbic  nitrate  into  a 
solution  of  sesquicarbonate  of  ammonia.  The  carbonates  of  sodium 
and  potassium  cannot  be  employed  for  this  purpose,  as  these  pre- 
cipitate mixtures  of  basic  plumbic  carbonates,  the  composition  of 
which  varies  with  the  concentration  and  the  temperature.  White 
lead  is  a  basic  carbonate  of  lead — triplumbic  dicarbonate  dihydrate, 
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CO(OPb"Ho)T,,  „  . 

CO(OPb"Ho)^  •  IS  manufactured  on  a  large  scale  as  a  pig, 
ment  by  one  or  otlier  of  the  following  processes  •— 

(1)  Butch  Proce...-This  is  the  oldest  process  and  yields  the 
finest  product,  but  the  operations  are  somewhat  tedious  GWed 
earthenware  pots  are  filled  to  a  quarter  of  their  depth  with  weak 
malt  vinegar.    In  each  pot,  above  the  surface  of  the  liquid  and 
resting_  on  a  wooden  support,  a  thin  sheet  of  lead  coiled  into  a 
spiral  is  placed  vertically,  or  a  series  of  cast  gratings  is  put  into 
the  pot,  and  the  pot  is  covered  with  a  plate  of  lead.    The  pots  are 
then  imbedded  in  spent  tan-bark  or  horse-dung  on  the  floor  of  a 
shed.    The  first  layer  of  pots  is  then  covered  with  boards  and  a 
second  layer,  arranged  like  the  first  and  also  imbedded  in  tak-bark 
or  horse-dung,  is  built  up  over  these,  and  so  on  tiU  the  shed  is  full 
The  pile  generally  reaches  a  height  of  from  18  to  20  feet  and  con- 
tains about  12,000  pots  with  from  50  to  60  tons  of  lead.  The 
action  which  takes  place  is  as  follows  :— The  heat  evolved  by  the 
fermentation  of  the  bark  or  dung  volatilises  the  acetic  acid  in  the 
vinegar,  which  gradually  in  presence  of  the  oxygen  of  ah-,  which 
for  this  purpose  must  have  free  access  to  the  heap,  converts  the 
lead  superficially  into  basic  plumbic  acetate : — 


2{coflo 

Acetic 
acid. 


+    2Pb    -f  0. 


CH3 

CO(OPb"Ho)  • 

Plumbic  acetate 
hjdrate. 


The  carbonic  anhydride  which  is  given  off  during  the  fermentation 
then  acts  upon  the  basic  acetate,  converting  it  into  basic  carbonate 
(white  lead)  and  normal  acetate : — 


6 


rcH, 


CO(OPb"Ho) 

Plumbic  acetate 
bjdrate. 


2C0,  = 

Carbouic 
anhydride. 


CO(OPb''Ho)p 
CO(OPb"Ho)^'^° 

Triplumbic  dicarbonate 
dihjdrate. 


+ 


rcH3 
ICH3 

Plumbic 
acetate. 


+  20H, 


Water. 


The  normal  acetate  then  reacts  with  a  fresh  portion  of  lead  in 
presence  of  oxygen  and  water,  and  regenerates  the  basic  acetate :— - 
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rcHg 

jgopbo"  +  Pb  +  0  +  OH,  =  '^{colowRoy 

ICH3 

Plumbic  Water.  Plumbic  acetate 

acetate,  hydrate. 

The  basic  acetate  is  again  acted  upon  by  the  carbonic  anhydride  as 
above.  In  this  way  the  process  is  theoretically  continuous,  and  a 
small  quantity  of  acetic  acid  ought  to  suffice  for  the  conversion  of 
an  unlimited  quantity  of  lead.  In  practice  100  lbs.  of  acetic  acid 
are  required  to  convert  50  tons  of  lead  into  white  lead.  At  the 
end  of  from  four  to  five  weeks  the  conversion  is  nearly  complete  ; 
the  pile  is  taken  to  pieces  and,  on  uncoiling  the  spirals,  the  white 
lead  peels  off  in  flakes  from  the  unaltered  lead  if  any  of  the  latter 
is  left.  The  crude  product  is  ground  while  moist  and  well  washed 
to  free  it  from  acetate. 

(2)  TJienard's  Process. — solution  of  basic  plumbic  acetate  of 
lead  is  first  prepared  by  boiling  sugar  of  lead  vdth  litharge.  The 
basic  carbonate  is  then  precipitated  from  this  solution  by  passing 
in  carbonic  anhydride.  As  a  pigment,  the  product  lacks  opacity, 
and  is  consequently  deficient  iu  "  body  "  or  "  covering  power." 

(3)  Milner's  Process. — In  this  process,  which  yields  good 
results,  an  oxychloride  of  lead  is  converted  into  white  lead  by 
the  action  of  gaseous  carbonic  anhydride.  A  mixture  of  litharge, 
common  salt,  and  water  is  ground  for  some  hours.  Into  the 
mixture  of  caustic  soda  and  plumbic  oxychloride  thus  obtained, 
carbonic  anhydride  is  passed  until  the  liquid  is  neutral.  At  this 
point  the  operation  must  be  interrupted,  otherwise  the  product  wiE 
be  spoiled. 

White  lead  is  a  ^hite  amorphous  powder.  Its  chief  drawbacks 
are  its  poisonous  character,  and  the  fact  that  it  is  blackened  by 
sulphuretted  hydrogen. 

Plumbic  sulphate,  S02Pbo",  occurs  native  as  anglesite  in 
transparent  rhombic  crystals.  It  is  obtained  as  a  heavy  white 
crystalline  precipitate  when  sulphuric  acid  or  a  soluble  sulphate  is 
added  to  the  solution  of  a  lead  salt.  The  precipitate  is  almost 
insoluble  in  water,  and  stiU  less  soluble  in  dilute  sulphuric  acid ; 
but  concentrated  sulphuric  acid  dissolves  about  6  per  cent,  of  its 
weight  of  the  sulphate.  It  is  also  slightly  soluble  in  dilute 
hydrochloric  and  in  dilute  nitric  acid,  whilst  sodic  thiosulphate 
and  many  ammonia  salts,  particularly  the  acetate  and  the  tartrate 
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dissolve  it  readily.  When  plumbic  sulphate  is  boiled  with  a  solu- 
tion of  amnionic  sulphate,  the  liquid  deposits  on  cooling  minute 

lustrous   crystals  of  plumbic  diammonic  disulphate,  Itho'^^^. 

T,  .     J  '  IsOjAmo 

Pure  water  decomposes  this  salt  with  separation  of  insoluble 
plumbic  sulphate.  By  treating  the  normal  salt  with  ammonia, 
diplumhic  sulphate,  SOPbo"2,  is  obtained. 

Flumlio  dithionate,  { |g=Pbo",40H„  or;  {|g°^Pbo",  i8  best  prepared  by 

neutralising  a  solution  of  dithionic  acid  with  plumbic  carbonate.  It  forms  large 
colourless  hexagonal  crystals,  readily  soluble  in  -water. 

Plumbic  chromates.— See  Chromates. 

Plumbic  phosphates.— The  normal  orthophosphate,  P202Pbo"3,  is  obtained  as  a 
■white  amorphous  precipitate  when  hydric  disodic  phosphate  is  added  to  a  solution 
of  an  excess  of  plumbic  acetate.  It  is  insoluble  in  water  and  acetic  acid,  readily 
soluble  in  nitric  acid  and  caustic  potash. — Hydric  plumbic  phosphate,  POHoPbo", 
is  precipitated  by  free  phosphoric  acid  from  a  solution  of  plumbic  nitrate  as  a 
white  crystalline  powder.— A  double  phosphate  and  chloride  of  lead  of  the  formula 

P303Pbo"4(g^Pb")  occurs  in  nature  in  hexagonal  crystals  as  the  mineral  pyromor- 
phite.    It  is  isomorphous  with  apatite  (p.  392). 

Plumbic  arsenates. — These  resemble  the  phosphates.  A  native  double  arsenate 
and  chloride  corresponding  to  pyromorphite  is  the  mineral  mimetesite, 


AsoOgPbo' 


".(glPb"). 


which  forms  hexagonal  crystals.  Intermediate  gradations  between  pyromorphite  and 
mimetesite  occiir,  in  which  the  phosphorus  and  arsenic  replace  each  other  isomor- 
phously. 

Plumbic  borates. — "When  the  solution  of  a  lead  salt  is  precipitated  with  borax, 
octohydric  diplumhic  hexaborate,  B503Ho8Pbo"2,  is  formed.  Wlien  this  is  warmed 
with  ammonia  it  is  converted  into  a  white  powder  of  dihydric  plumbic  diborafe, 
BaOHojPbo".— By  fusing  together  plumbic  oxide  and  boric  anhydride,  a  trans- 
parent vitreous  mass  (Faraday's  heavy  glass)  is  obtained,  which  possesses  a  much 
higher  refractive  power  than  flint-glass. 

Plumbic  silicate. — No  definite  silicate  of  lead  has  been  prepared.  When  silica 
is  fused  with  plumbic  oxide  a  vitreous  mass  is  obtained.  Plumbic  silicate  is  one  of 
the  constituents  of  flint-glass. 

COMPOUND  OF  LEAD  WITE  SULPHUR. 

Plumbic  sulphide,  PbS". — As  the  mineral  galena  this  com- 
pound forms  the  principal  ore  of  lead.  It  occurs  in  regular  cubes 
with  a  bluish-grey  colour  and  a  brilliant  metallic  lustre  ;  also  in 
crystalline  masses.  It  possesses  a  very  perfect  cubical  cleavage. 
The  same  compound  is  formed  as  a  leaden-grey  crystalline  mass 
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when  lead  is  fused  with  sulplnir,  and  as  an  amorplious  black 
powder  by  precipitating  a  solution  of  lead  salt  with  sulphuretted 
hydrogen.  It  fuses  without  decomposition  at  a  bright  red  heat 
when  air  is  excluded,  and  may  even  be  sublimed  in  a  current 
of  hydrogen  or  carbonic  anhydride.  In  this  way  it  is  obtained 
in  small  cubical  crystals.  When  fused  with  access  of  air  it  is 
converted  into  plumbic  sulphate.  It  dissolves  in  hot  concentrated 
hydrochloric  acid  with  evolution  of  sulphuretted  hydrogen.  Dilute 
nitric  acid  converts  it  into  nitrate  with  separation  of  sulphur ;  the 
concentrated  acid  oxidises  it  to  sulphate. — When  sulphuretted 
hydrogen,  in  quantity  insufficient  for  complete  precipitation,  is 
passed  into  a  solution  of  plumbic  chloride,  red  and  yellow  sulpho- 
chlorides  of  varying  composition  separate  out : — 

CI— Pb— S— Pb— CI, 
and  CI— Pb— S— Pb— S— Pb— S— Pb— CI. 

General  Peoperties  and  PtEACTioNs  of  the  Compounds  of 
Lead. — The  salts  of  lead  are  mostly  colourless.  They  have  a  sweet, 
astringent,  metallic  taste,  and  are  poisonous.  When  continually 
introduced  in  minute  quantities  into  the  system,  the  salts  of  lead 
act  as  a  cumulative  poison.  The  soluble  normal  salts  with  strong 
acids  redden  Htmus  ;  the  basic  salts,  on  the  other  hand,  have  an 
alkaline  reaction.  Caustic  alkalies  and  ammonia  precipitate  white 
basic  salts  of  lead,  soluble  in  excess  of  caustic  alkali,  insoluble  in 
ammonia.  SulpJmretted  hydrogen  and  ammonic  sulphide  produce  a 
black  precipitate  of  plumbic  sulphide,  which  is  converted  by  fuming 
nitric  acid  into  white  insoluble  plumbic  sulphate,  whilst  dilute 
nitric  acid  converts  it  into  soluble  plumbic  nitrate  with'  separation 
of  sulphur.  Sulphuric  acid  and  soluble  sulphates  precipitate 
plumbic  sulphate,  very  sparingly  soluble  in  water,  stiU  less  soluble 
in  dilute  sulphuric  acid,  insoluble  in  alcohol,  but  soluble  in  solu- 
tions of  various  ammonium  salts,  such  as  the  acetate  and  the 
tartrate.  Hydrochloric  acid  and  soluble  chlorides  yield  with  not 
too  dilute  solutious  a  white  precipitate  of  plumbic  chloride,  soluble 
in  hot  water.  Potossic  chromate  precipitates  yellow  plumbic  chro- 
mate  ;  potassic  iodide  yellow  plumbic  iodide.  All  compounds  of 
lead,  when  heated  with  sodic  carbonate  or  potassic  cyanide  upon 
charcoal  in  the  reducing  flame,  yield  a  malleable  bead  of  metallic 
lead.  The  lead  compounds  give  a  faint  flame  spectrum,  containing 
lines  in  the  green,  and  a  characteristic  spark  spectrum. 
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CHAPTER  XL. 

HEXAD  ELEMENTS. 

Section  II. 
URANIUM,  U. 

Atomic  weight  =  238-5.  Molecular  iveiglit  unknown.  Sp.  gr.  18-7. 
Atomicity  i',  and  ^"5  ?*;  also  a  pseudo-triad  and  a  pseudo- 
pentad.    Evidence  of  atomicity/  : — 

Uranous  chloride    U^'^'Cl^. 

U'"C1  ■ 

Uranic  oxide   U^'O 


{TTvpl 


3- 

5 

CL 


5 


History. — Klaproth  first  pointed  out  in  1789  the  existence  of  a 
new  metal  in  the  mineral  pitchblende,  and  to  this  metal  he  gave 
the  name  uranium.    The  metal  was  isolated  by  Peligot  in  1842. 

Occurrence. — Uranium  is  of  rare  occurrence,  and  is  never  found 
native.    Its  chief  ore  is  pitcliblende,  an  impure  uranous  diuranate, 

•^Q^Uo'^.    It  also  occurs  as  phosphate  in  uranium  mica,  and  as 

carbonate  in  liebigite. 

Preparation. — Metallic  uranium  is  obtained  by  the  action  of 
sodium  upon  uranous  chloride,  UCI4.  The  two  substances  are 
heated  together  in  a  porcelain  crucible  with  the  addition  of  potassic 
chloride  as  a  flux.  The  porcelain  crucible  is  packed  in  powdered 
charcoal  within  a  larger  crucible.  The  whole  is  heated,  at  first  to 
redness,  afterwards  to  a  higher  temperature  so  as  to  fuse  the 
uranium,  which  is  thus  obtained  as  a  black  regulus. 

Properties. — Metallic  uranium  has  a  silvery  lustre,  but  tarnishes 
by  exposure  to  the  air,  becoming,  in  course  of  time,  steel-blue,  and 
ultimately  black.     It  is  hard  and  somewhat  malleable.  Wlien 

*  Uranium  and  molybdenum,  -which  have  been  included  in  the  hexadic  group, 
appear  to  be  capable  of  exercising  octadic  functions  :  thus  in  peruranic  anhydride 
(TTO^)  and  molybdic  persulphide  (MoS^). 
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heated  in  air,  it  burns  with  scintillations,  forming  uranous  diura- 
nate.  It  does  not  decompose  water  even  at  its  boiling-point. 
Acids  readily  dissolve  it. 

COMPOUNDS  OF  URANIUM  WITH  TEE  HALOGENS. 

Diuranoits  hexacfdoride,  'V'^Gl^,.  is  obtained  in  dark-brown 
needles  by  heating  uranous  chloride  to  redness  in  a  current  of 
Iiydrogen.  It  dissolves  in  water,  yielding  a  purple  solution,  which 
rapidly  absorbs  oxygen  from  the  air. 

Uranous  chloride,  UCl^,  is  prepared  by  heating  a  mixture  of 
charcoal  and  any  of  tlie  oxides  of  uranium  in  a  current  of  dry 
chlorine.  It  is  volatile  at  a  red  heat,  and  may  be  obtained  by  sub- 
lunation  in  dark-green  octahedra,  possessing  a  metallic  lustre.  It 
is  very  deliquescent,  and  hisses  when  thrown  into  water.  Its 
solutions  absorb  oxygen  from  the  air,  and  turn  yellow. 

Uranous  bromide,  TJBt^,  and  uranous  fluoride,  TJF4,  have  also  been  prepared. 

Dmranic  decacUoride  (Uranic  pentachloride),  'U^g^'lio- — This 
compound  is  formed  along  with  uranous  chloride  in  the  preparation 
of  the  latter  compound,  especially  when  the  temperature  is  not 
permitted  to  rise  too  high.  As  it  is  more  volatile  than  uranous 
cliloride  it  collects  in  a  part  of  the  tube  further  removed  from  the 
source  of  heat.  If  the  current  of  chlorine  be  sufficiently  slow,  the 
decachloride  forms  black,  needle-shaped  crystals.  The  compound 
rapidly  deliquesces  on  exposure  to  air.  It  begins  to  decompose  at 
120°  into  uranous  chloride  and  free  chlorine. 

COMPOUNDS  OF  URANIUM  WITH  OXYGEN. 
Uranous  oxide   UOj.  0==U=0. 


Uranic  oxide  {uranic\  j-r^ 
anhydride)   J  ^ 


0 

II 

o^u=o. 

0 


Peruranic  anhydride. .. .     UO^.  0=U=0 

II 

0 

The  remaining  oxides  of  uranium — UgOg  =  UOUo*^,  uranous 
nranate,  and  UgOg  =  uo^^^'""'  '^^^^'^'^^^^  diuranate~are  regarded 
as  combinations  of  the  two  first  oxides  with  each  other. 
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Uranous  oxide,  UOg. — ^^This  oxide  remains  wlien  any  of  the- 
higher  oxides  of  uranium,  or  uranic  oxalate,  is  heated  in  a  current 
of  hydrogen.  It  forms  a  brown  powder,  which  when  heated  in  air, 
burns  with  formation  of  uranous  diuranate.  Strong  acids  dissolve 
it,  yielding  green  solutions  of  uranous  salts,  from  which  alkalies 
precipitate  dark-brown  flocculent  ii^ranous  hydrate,  UHo^. 

Uranic  oxide  {Uranic  anhydride),  UO3,  is  obtained  as  a 
brownish-yellow  powder  when  uranic  nitrate  is  heated  in  an  oil- 
bath  to  250°  until  nitrous  fumes  cease  to  be  evolved.  At  higher 
temperatures  it  parts  with  oxygen,  and  is  converted  into  uranous 
diuranate.  Uranic  oxide  acts  both  as  a  basic  oxide  and  as  the 
anhydride  of  an  acid :  thus,  on  the  one  hand,  it  combines  with 
acids  to  form  salts  in  which  the  dyad  radical  uranyl  (U^''02)"  plays 
the  part  of  a  dyad  metal,  and,  on  the  other,  it  unites  with  alkalies 
to  form  the  uranates  {q^.v). — A  uranic  hydrate  is  also  known,  but 
is  very  difficult  to  obtain  of  constant  composition. 

Uranous  diuranate  {Green  oxide  of  uranium),  ■^-q^Uo''^,  occurs 

native  in  an  impure  state  as  pitchblende.  It  is  obtained  as  a  green 
powder  when  uranous  or  uranic  oxide,  or  ammonic  uranate  is  gently 
heated  in  air.  It  is  difficultly  soluble  in  hydrochloric  and  sulphuric 
acids,  readily  soluble  in  nitric  acid. 

Uranous  uranate  {Black  oxide  of  uranium),  TTOUo*^,  o^^uO.^^" 
is  obtained  as  a  black  powder  when  any  of  the  other  oxides  of 
uranium,  or  ammonic  uranate,  is  strongly  ignited  in  air.  It  is  used 
in  painting  on  porcelain. 

OXY-EALOGEN  COMPOUNDS  OF  URANIUM. 

Uranylic  chloride,  TJO2CI2,  is  formed  when  uranous  oxide  is 
lieated  in  a  current  of  chlorine.  It  is  a  yellow,  debquescent,  and 
very  soluble  mass,  which  is  readily  fiisible,  but  volatiHses  with 
some  difficulty.  It  unites  with  the  alkaline  chlorides  to  form  well- 
crystaUised  double  salts  :  thus  U02Cl2,2KCl,20H2,  and 

U02Cl2,2NH,Cl,2OH2. 

Uranylic  bromide,  UOoBr^,  and  uranylic  fluoride,  UO^Fa,  have  also  been  pre- 
pared. 
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OXY-SALTS  OF  URANIUM, 
a.  Uranous  Salts. 

Uranous  sulphate,  |o^Uoi\  occurs  native,  but  pcartially  oxi- 
dised to  urauic  sulpliate  as  uranium  vitriol  or  johannite.  It  is 
formed  when  uranous  oxide  is  dissolved  in  sulphuric  acid.  The 
most  convenient  mode  of  preparing  the  salt  consists  in  dissolving 
the  green  oxide  in  sulphuric  acid,  adding  alcohol,  and  exposing 
the  whole  to  sunlight.  The  liquid  at  first  contains  a  mixture  of  a 
uranous  and  a  uranic  salt,  but  under  the  above  conditions  the 
uranic  salt  is  reduced  to  the  uranous  stage,  and  the  uranous  sul- 
phate, which  is  insoluble  in  dilute  alcohol,  separates  in  crystals 
containing  4  aq.  From  aqueous  solutions  it  crystallises  in  green 
prismatic  crystals  with  8  aq.  Excess  of  water  decomposes  it  witli 
separation  of  a  green  basic  salt. 

Uranous  phospTiate. — A  hydric  uranous  phosphate,  P202Ho2"D'o'^,20H2,  is  formed 
as  a  green  gelatinous  precipitate  wlien  hydric  disodic  pliosphate  is  added  to  a  solution 
of  uranous  chloride. 


h.  Uranic  {Uranylic)  Salts, 

In  tbe  salts  the  dyad  radical  uranyl  (U^O,)"  plays  the  part  of 
a  dyad  metal.  They  are  characterised  by  possessing  a  yellow 
colour  with  a  magnificent  green  fluorescence. 

Uranylic  nitrate,  ^q^— O^XJ^iQ^.eOH^,  is  obtained  by  dis- 
solving any  of  the  oxides  in  nitric  acid  and  evaporating  the 
solution.    It  crystallises  in  large  greenish-yellow  rhombic  prisms. 

Uranylic  sulphates. — The  normal  salt,  S02<q>U''''02,3OH2,  is 

deposited  in  small  lemon-yellow  crystals  when  a  solution  of  the 
nitrate  is  mixed  with  sulphuric  acid  and  evaporated.  A  hot 
solution  of  this  salt  in  moderately  concentrated  sulphuric  acid 
deposits  on  cooling  deliquescent,  yellowish-green,  fluorescent  crystals 

'SOoHo 


'2-" 

0 


of  Ujdric  uramjlic  sulphate,  ■<{  UO^.    If,  on  the  other  hand,  the 

SO.Ho 

normal  salt  be  dissolved  in  fuming  sulphuric  acid,  Small  yellow  crys- 
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tals  oiuramjhcpyromlphate,         _^>UviO,,  are  obtained.  These 

attract  moisture  with  great  avidity,  and  dissolve  with  a  hissino 
noise  when  thrown  into  water.  Uranylie  sulphate  forms  double 
salts  with  the  sulphates  of  the  alkali  metals ;  thus  potassio  uranylie 

0  " 

sulphate  A  UO,    ,20H„  forms  yellow  monoclinic  crystals. 
LsO.Ko 

_  Phosphates  and  arsenates  of  uranyl  occur  native  as  rare 
minerals. 


Tim  UBANATES. 

Besides  behaving  as  a  base  towards  acids,  uranic  oxide  behaves 
towards  strong  bases  as  the  anhydride  of  an  acid,  forming  salts 
called  urauates,  in  which  the  group  uranyl  (UOJ"  plays  the  part 
of  an  acid  radical.  These  salts  are,  however,  not  derived  from  a 
normal  uranic  acid  of  the  formula  UO.Ho,,  corresponding  to 
sulphuric  acid,  but  from  an  anhydro-acid  or  diuranic  acid  of  the 

ruo.Ho  . 

formula  -l  0        ,  corresponding  to  disulphuric  or  dichromic  acid. 
l^UO^Ho 

Free  diuranic  acid  has  not  been  obtained. 

ruo^Ko 

Potassic  uranate,  -l  0         ,  is  formed  when  uranic  oxide  is 
LUO^Ko 

fused  with  an  excess  of  potassic  carbonate,  and  remains  behind 
as  a  yellow  powder  when  the  mass  is  extracted  with  water. 
rUO.Nao 

Sodic  uranate,  ■<  0  ,  is  obtained  in  a  similar  manner  by 

Luo.mo 

fusing  uranic  oxide  with  sodic  carbonate.  It  is  prepared  on  a 
large  scale  from  pitchblende,  and  is  employed  under  the  name  of 
uranium  yellmo  in  painting  on  porcelain  and  in  the  preparation  of 
a  beautiful  greenish-yellow  fluorescent  glass. 

Amnionic  iwanate,  ■<  O  >  is  formed  as  a  yellow  precipitate  wlien 

[tto.cn-h^o) 

ammonia  is  added  to  the  solution  of  a  uranyl  salt.    On  heating,  it  is  converted  into 
pure  uranous  di uranate. 
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T70.,(OBi'"Ho2) 
0 

TJO.(OBi'"Ho2) 


,0H2   (or  TJ02Ho(OBi'"Ho2), 


occurs  native  as  uranosphente  in  brick-red  hemispherical  aggregations, 

A  series  of  peruranates  has  recently  been  obtained  by  the  action 
of  hydroxyl  upon  uranylic  salts  in  alkaUne  solution.  Sodic  per  - 
mate,  UO^Nao^SOH^,  forms  golden-yellow  needles.  The  per- 
uranates are  very  unstable,  and  have  not  yet  been  thoroughly 
examined. 

COMPOUNDS  OF  URANIUM  WITH  SULPHUR. 

Uranoics  sulphide,  US"^.— This  compound  is  obtained  as  a 
greyish-black  amorphous  powder  by  passing  sulphuretted  hydrogen 
over  uranous  chloride  heated  to  redness.  At  a  white  heat^  a 
crystalline  product  is  obtained.  It  is  slowly  decomposed  in  moist 
air  with  evolution  of  sulphuretted  hydrogen.  It  is  insoluble  in 
dilute  hydrochloric  acid,  but  concentrated  acids  dissolve  it  readily. 

Uranylic  sulphide,  UO^S",  is  a  dark-brown  precipitate  obtained 
by  adding  ammonic  sulphide  to  a  solution  of  uranylic  nitrate. 

General  Properties  and  Keactions  of  the  Compounds  of 
Uranium  : — 

a.  Uranous  Salts.— The  uranous  salts  are  green.  In  solution 
they  absorb  oxygen  from  the  air  and  are  converted  into  uranic 
salts,  whilst  their  colour  changes  from  green  to  yeUow.  Caustic 
alkalies  and  ammonia  produce  in  their  solutions  a  dark-brown 
tiocculent  precipitate  of  uranous  hydrate.  This  absorbs  oxygen 
and  is  converted  into  uranic  hydrate,  which  at  the  same  time 
combines  mth  the  base  to  form  an  insoluble  uranate.  Sulphuretted 
hydrogen  gives  no  precipitate  in  acid  solutions ;  ammonic  sulphide 
precipitates  a  black  sulphide. 

b.  Uranic  ( Uranylic)  Salts.— The  uranic  salts  are  yellow.  From 
their  solutions  caustic  alkalies  or  ammonia  precipitate  a  yellow 
insoluble  uranate  of  the  base.  The  hydric  carbonates  of  the  alkalies 
and  ammonic  carbonate  precipitate  yeUow  double  carbonates  of 
uranium  with  alkali  or  ammonium,  which  are  readily  soluble  in  an 
excess  of  the  precipitant.  Sulphuretted  hydrogen  gives  no  precipi- 
tate in  acid  solution;  ammonic  sidphide  precipitates  dark -brown 
uranylic  sulphide,  readily  soluble  in  dilute  acids,  even  in  acetic  acid. 
Potassic  ferrocyanide  gives  a  reddish-brown  precipitate, 

The  uranium  compounds  yield  with  borax  and  microcosmic  salt 
beads  which  in  the  reducing  flame  are  green,  in  the  oxidising  flame 
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yeHow.    The  uranium  compounds  do  not  colour  the  non-luminous 

MOLYBDENUM,  Mo. 

Atomic  weight  =  95-5.    Molec^dar  weight  unknown.    Sp  or  8-6 
Aiom^c^tg     iv  vi,  ^^,1  vUi  -^^^^^     atomicUy  .— 

Hypomolybdous  chloride    Mo"Cl  .  ' 

Molybdous  chloride   Mo'^Cl  . 

Molybdic  anhydride   Mc^'Oa. 

.  ^^story.— Metallic  molybdenum  was  first  obtained  by  Hielm 
m  1782. 

Occurrence.— Molyhdennm  is  of  rare  occurrence.  It  is  found  in 
combination  with  sulphur  as  molybdenite,  Mo^\  ■  with  oxyaen  in 
molyUenum  ochre  or  native  molybdic  anhydride,  M0O3;  and  as 
plumbic  molybdate,  MoO.Pbo"  in  wulfenite.  Many  iron  ores  con- 
tain traces  of  molybdenum,  which  thus  finds  its  way  into  the 
pig-iron. 

Preparation.—MQt^Wic  molybdenum  is.  obtained  by  heating 
molybdic  anhydride  or  one  of  the  chlorides  to  redness  in  a  current 
of  hydrogen.  In  the  case  of  the  oxide,  the  reduction  is  always 
incomplete,  and  it  is  necessary  to  purify  the  product  by  heating  in 
a  current  of  dry  gaseous  hydrochloric  acid,  when  the  unattacked 
oxide  volatilises  as  molybdic  hydroxij-chloride,  MoOHo^Cl^. 

Properties.— ?wvQ  molydenum  is  a  silver-white  metal.  It 
appears  to  be  infusible  at  the  highest  temperatures  that  can  be 
artificially  produced,  but  if  it  contains  carbon  it  may  be  fused  by 
the  oxy-bydrogen  flame.  It  is  permanent  in  air  at  ordinary 
temperatures,  but,  when  heated  in  air,  undergoes  oxidation  and  is 
ultimately  converted  into  molybdic  anhydride.  It  is  not  attacked 
by  dilute  hydrochloric  or  sulphuric  acid,  but  hot  concentrated 
sulphuric  acid  dissolves  it  with  a  brown  colour.  It  is  readilv 
soluble  in  nitric  acid  and  aqua-regia. 

COMPOUNDS  OF  MOLYBDENUM  WITH  THE  HALOGENS. 

Hypomohjhdous  chloride,  MoClj,  is  formed  when  dimolybdous 
hexachloride  is  heated  in  a  current  of  dry  carbonic  anhydride : — 


*  See  note,  p.  706. 
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Bimolybdous       Hypomolybdous  Molybdous 
,  hexachloride.  chloride.  chloride. 

The  tetrachloride  volatilises,  whilst  hypomolybdous  chloride 
remains  as  a  yellow  amorphous  powder.  Hypomolybdous  chloride 
is  stable  when  exposed  to  air  at  ordinary  temperatures,  but  is 
decomposed  when  heated  in  air.  It  is  insoluble  in  water,  but  solu- 
ble in  hydrochloric  acid. 

A  hi/pomolyhdous  bromide,  MoBro,  has  also  been  prepared. 

BimoltjMmis  hexacMoridc,  'Mo'^'gCle,  is  obtained  as  a  reddish- 
brown  powder,  resembling  in  appearance  amorphous  phosphorus, 
when  molybdic  pentachloride  is  heated  to  250°  in  a  current  of 
hydrogen.  It  is  insoluble  in  water  and  in  hydrochloric  acid.  When 
strongly  heated,  it  yields  a  mixture  of  hypomolybdous  chloride  and 
molybdous  chloride. 

Dimolyhdom  hexabromide,  ''SLo'" ^v^,  is  also  known. 

Molyhdous  chloride,  MoCl^,  is  formed  as  above  by  heating  the 
dimolybdous  hexachloride.  It  is  a  brown  crystalline  powder, 
which  when  exposed  to  air  deliquesces  to  a  brown  liquid.  It  may 
be  volatihsed  with  partial  decomposition  in  a  current  of  carbonic 
anhydride. 

Molybdous  iodide,  M0I4,  is  obtained  by  dissolving  molybdous  hydrate,  MoHoj, 
in  hydriodic  acid  and  evaporating  the  solution. 

Molyldic  pentachloride,  MoClg.  Molecular  volume  I  I  I — -This 
compound  is  obtained  by  heating  molybdenum  or  molybdous  sul- 
phide in  a  current  of  chlorine.  It  forms  a  lustrous,  radio-crystal- 
line mass,  which  fuses  at  194°  and  boils  at  268°.  It  fumes  on 
exposure  to  air,  and  gradually  deliquesces.  The  molecular  formula, 
M0CI5,  as  deduced  from  the  vapour  density  of  this  compound,  is 
abnormal,  as  this  formula  would  necessitate  the  assumption  either 
of  pentadic  molybdenum  or  of  the  presence  of  an  odd  number  of 
free  affinities  in  the  molecule  (see  p.  182,  footnote). 

COMPOUNDS  OF  MOLYBDENUM  WITH  OXYGEN. 
Hypomolybdous  oxide  . .  MoO. 

0 

Dimolybdous  trioxide   . .  j^j^QgO.  0=Mo^Mo=0. 
Molybdous  oxide    M0O2.  0=Mo=0. 
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0 

Molybdic  anhydride  ....     M0O3.  0=Mo=0. 

Rypomolyhdous  oxide,  MoO,  appears  to  be  formed  as  a  black 
chbrMe  ^"^"""^  liypomolybdous 

DimolyMous  tTioxide/Mo'\0^.-WhQu  dimolybdous  bexacblo- 
/^-^  ^^^^"'PO^^^  ^ith  a  caustic  alkali,  dimolyUms  hexahydrate, 
Mo  2H06.  IS  obtained  as  a  dark-brown  powder,  and  this,  when 
heated  with  exclusion  of  air,  parts  with  water  and  is  converted  into 
dimolybdous  trioxide.  It  forms  a  grey  metallic  powder,  insoluble 
m  acids. 

Molybdous  oxide,  M0O2.— This  oxide  is  obtained,  like  the  pre- 
ceding, by  heating  the  corresponding  hydrate  in  absence  of  air. 
Thus  prepared  it  forms  a  brown  powder.  When  sodic  trimolyhdute, 
MOaOgNao^,  is  fused  with  a  third  of  its  weight  of  zinc,  and  the 
mass  extracted  with  water,  molybdous  oxide  remains  in  the  form 
of  dark-blue  prisms  which  appear  violet-red  by  transmitted  light. 
It  is  insoluble  in  water,  hydrochloric  acid,  and  caustic  potash. 
Hot  nitric  acid  oxidises  it  to  molybdic  acid— Molybdotis  hydrate, 
MoHo^,  is  obtained  as  a  reddish-brown  precipitate  by  treating 
molybdous  chloride  with  ammonia. 

Molybdic  anhydride,  MoO,.— This  compound  is  most  readily 
prepared  by  roasting  the  native  sulphide,  M0S2,  in  air.  After  the 
sulphur  has  burnt  off,  the  impure  molybdic  anhydride  is  extracted 
with  ammonia,  and  the  ammonium  salt  thus  obtained  is  purified  by 
crystallisation.  The  ammonium  salt  may  be  converted  into  the 
anhydride  either  by  heating  it  in  small  portions  with  free  access  of 
air,  or  by  decomposing  it  with  nitric  acid,  evaporating  to  dryness, 
and  washing  the  residue  thoroughly  with  water,  when  the  anhy- 
dride remains  undissolved.  It  forms  a  white  powder  which  turns 
yellow  on  heating,  but  becomes  white  again  on  cooling.  It  fuses 
at  a  red  heat,  and  may  be  sublimed  in  lustrous  laminae.  It  is 
insoluble  in  water  and  acids,  but  dissolves  readily  in  caustic 
alkalies  and  ammonia. 

Molybdic  acid,  MoOjHoj,  separates  as  a  white  crystalline 
powder  from  the  solution  of  a  molybdate  to  which  hydrochloric 
or  nitric  acid  has  been  added.  The  compound  is  insoluble  in 
water,  but  dissolves  in  an  excess  of  acid.  Prom  hot  solutions  a 
molybdic  acid  of  the  formula  MOgOj^Hog  is  deposited.  A  soluble 
colloidal  modification  of  molybdic  acid  is,  obtained  by  dissolving 
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sodic  molybdate  in  hydrochloric  and  subjecting  the  solution  to 
dialysis ;  a  yellow  acid  liquid  remains,  which  yields  on  evaporation 
a  gummy  deliquescent  mass.  When  a  solution  of  molybdic  acid 
in  hydrochloric  acid  is  treated  with  zinc  the  liquid  becomes  first 
blue,  then  green,  and  finally  brown,  owing  to  the  formation  of 
various  molybdous  and  hypomolybdous  molybdates. 

Numerous  oxy-lialogen  compounds  of  molybdenum  have  been 
prepared.  They  are  generally  volatile,  and  are  mostly  decomposed 
by  water.  The  followiug  list  contains  some  of  the  compounds  of 
this  class  : — 

Molybdic  oxy tetrachloride    M0OCI4. 

Molybdic  dioxydichloride   M0O2CI2. 

Molybdic  dioxydibromide   MoOgBrg. 

rMoOClg 
Dimolybdic  trioxy-hexachloride  . .  <  0 

LM0OCI3 

THE  MOLYBDATES. 

The  salts  of  molybdic  acid  ma}^  be  divided  into  the  following 
classes : — 

Normal  molybdates 
Dimolybdates  .... 
Trimolybdates  .... 
Tetramolybdates  . . 
Heptamolybdates . . 
Octomolybdates  . . 
Decamolybdates  . . 

in  which  R  stands  for  a  monad  metal. 

All  these  salts,  with  the  exception  of  the  heptamolybdates,  are 
derived  from  dibasic  acids. 

Fotassic  molybdates. — The  normal  salt,  MoOgKo^,  is  obtained 
by  fusing  together  equal  molecular  proportions  of  potassic  carbo- 
nate and  molybdic  anhydride,  dissolving  the  mass  in  water,  and 
evaporating  the  filtered  solution  over  sulphuric  acid.  It  forms 
small  soluble  deliquescent  crystals. — The  dimolybdate  has  not  been 
obtained. — The  trimolybdate,  Mo308Ko2,30H2,  is  prepared  like  the 
normal  salt,  employing  the  requisite  proportions  of  anhydride  and 
carbonate.  It  crystallises  in  fiexible  silky  needles. — Other  potassic 
molybdates  have  been  obtained. 


M0O2E02. 

MO2O5E02. 

MO3O8E02. 

Mo40i,Eo2. 

Mo^OigEOfi. 

MOg023E02. 

Mo,o02oEo2. 
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Sodic  7nohjhdates.— These  are  prepared  like  the  potassium  salts, 
mrrnal  sodic  violyhdate,  ]y[o02Nao2,20H2,  forms  nacreous  laminae 
or  acute  rhombohedra ;  sodic  dimolyhdate,  M.Or^0^mo^,  small  silky 
needles ;  sodic  trimolyhdate,  Mo30gNao2,70H2,  very  fine,  sparingly 
soluble  needles.  Sodic  molybdates  corresponding  to  all  the  various 
classes  in  the  above  list  have  been  prepared. 

Of  the  other  molybdates,  those  of  barium,  strontium,  and 
calcium  are  either  only  sparingly  soluble  or  insoluble  in  water,  the 
magnesium  and  zinc  salts  are  soluble  and  crystallise  well.  Normal 
phtmbic  molyhdate,  MoOaPbo",  occurs  native  in  yellow  quadratic 
crystals  as  loidfenite. 

Phosphomolybdic  Acid. 

Molybdic  acid  forms  with  phosphoric  acid  a  remarkable  com- 
pound hexabasic  acid,  which  may  be  regarded  as  a  combination  of 
2  molecules  of  phosphoric  acid  with  22  molecules  of  molybdic 
anhydride.  Both  this  acid  and  its  salts  contain  large  and  varying 
proportions  of  so-called  water  of  crystallisation,  which  is  very 
possibly  present  as  water  of  constitution.  Owing  to  the  com- 
plexity of  these  salts  and  the  absence  of  all  certain  knowledge 
with  regard  to  their  constitution,  it  will  be  simplest  to  formulate 
them  as  molecular  combinations. 

Phosplwmolyhdic  acid,  2POHo3,22Mo03. — This  compound  is 
obtained  by  boiling  ammouic  phosphomolybdate  with  aqua-regia, 
and  allowing  the  solution  to  evaporate  spontaneously.  From  this 
solution  it  crystallises  in  yellow  triclinic  prisms  with  20  aq.,  from 
pure  water  in  cubes  with  50  aq.,  and  from  concentrated  nitric  acid 
in  rhombic  crystals  with  40  aq. 

Ammonic  pliosplwmolyhdate,  2POAmo3,22]y[o03,120H2,  is 
precipitated  as  a  yellow  crystalline  powder  when  orthophosphoric 
acid  or  a  soluble  orthophosphate  is  added  to  an  excess  of  a  solu- 
tion of  ammonic  molybdate  in  nitric  acid.  It  is  insoluble  in  water 
and  in  dilute  acids.  In  solutions  containing  an  excess  of  phos- 
phoric acid  no  precipitate  is  formed. 

Fotassic phospliomolyhdate,  2POKo3,22Mo03,120H2,is  obtained 
in  minute  four-sided  prisms  by  boiling  the  ammonium  salt  with 
caustic  potash,  or  by  precipitating  a  potash  salt  with  a  solution  of 
phosphomolybdic  acid. 

A  second  series  of  phosphomolybdates  derived  from  an  acid  of  the  formula 
2P0Ho3,5MoO3,  is  obtained  by  spontaneous  evaporation  of  a  solution  of  the  above 
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salts  in  excess  of  alkali  or  ammonia.  Thus  from  an  ammoniacal  solution  of  the 
yellow  precipitate  of  ammonie  pliosphomolybdate  in  ammonia,  lustrous  prisms  ot  a 
salt,  2P0Am03,5M:o03,7OHo,  are  deposited. 

COMPOUNDS  OF  MOLYBDENUM  WITH  SULPEUB. 

MoLYBDOUS  SULPHIDE,  MoS'^g,  occurs  native  as  molijMenite  in 
lead-grey  hexagonal  crystals  or  in  masses  closely  resembling 
gi-aphite  in  appearance,  with  which  it  was  formerly  confounded. 
It  is  obtained  as  a  lustrous  powder  when  molybdic  anhydride  is 
heated  in  a  current  of  sulphuretted  hydrogen  :— 

M0O3    +    3SH2    =    MoS"2    +    S    +  3OH2. 

Molybdic        Sulphuretted        Molybdous    ■  Water, 
anhydride.  hydrogen.  sulphide. 

The  trisulphide,  when  heated  with  exclusion  of  air,  is  also  con- 
verted with  evolution  of  sulphur  into  the  disulphide.  When 
heated  in  air,  molybdous  sulphide  is  oxidised  to  molybdic  anhy- 
dride and  sulphurous  anhydride. 

MolyMic  sulpUch  {Molybdic  sulphanhijdride),  MoS^g,  is  pre- 
cipitated when  hydrochloric  acid  ,  is  added  to  the  solution  of  a 
molybdate  previously  saturated  with  sulphuretted  hydrogen.  It  is 
a  dark-brown  powder  which  dissolves  in  sohitions  of  alkaline 
sulphides,  forming  sulphomolybdates.  Potassic  sulpJiomolybdate, 
MoS^Ksg,  forms  prismatic  crystals  which  by  reflected  light  appear 
green  with  a  metallic  lustre,  and  by  transmitted  light  ruby-red. 

MolyUic  persulphide,  MoS"^.— When  a  solution  of  potassic 
molybdate  is  saturated  with  sulphuretted  hydrogen  and  then 
boiled,  a  mixture  of  molybdous  sulphide  with  molybdic  sulphide 
is  precipitated,  and  the  solution  contains  potassic  persuljyhomolyMate, 
MoS'gKsa,  which  crystallises  in  small,  transparent,  red  scales.  On 
adding  hydrochloric  acid  to  the  solution  of  this  salt  molybdic 
persufphide,  MoS"^,  is  precipitated  as  a  reddish-brown  powder. 

General  Pkoperties  and  Eeactions  of  the  Compounds  of 
Molybdenum.— The  hypomolyldous  and  molybdous  salts  are  of  rela- 
tively slight  importance.  The  molybdates  and  molybdic  acid  give 
characterrstic  reactions  with  reducing  agents.  Thus,  if  metallic 
zinc  be  added  to  a  dilute  hydrochloric  acid  solution  of  a  molybdate, 
the  liquid  becomes  blue,  then  green,  and  fiually  dark-brown.  Siol- 
phurctted  hydrogen  first  colours  the  acid  solution  blue,  and  then 
precipitates  molybdic  sulphide;  but  the  whole  of  the  molyb- 
denum can  be  precipitated  only  by  repeated  treatment  with 
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sulphuretted  hydrogen,  allowing  the  solution  to  stand  i 
place.    Potassic  fermrva/nQde.  m^raa  n 


TUNGSTEN,  W. 


mdc  weight  =  184.  Moleenlar  weight  unknown.  Sp  gr  19-199 
Atomicity  ",     and  -\    Evidence  of  atomicity  :~ 


mstory.—Tnngstic  acid  was  first  obtained  by  Scheele  from  the 
mineral  scheelite  in  1781. 

6>cm7Tmce.— Tungsten  occurs  only  in  combination,  and  almost 
invariably  in  the  form  of  tungstates.  Wolfram  is  a  tungstate  of 
iron  and  manganese  ;  scheelite  is  a  calcic  tungstate,  WOaCao" ; 
and  scheelitine  is  a  plumbic  tungstate,  W02Pbo".  Tungstic  anhy- 
dride, WO3,  occurs  as  the  rare  mineral  wolfram  ochre. 

Preparation.— MQt^iWic  tungsten  is  prepared  by  the  reduction 
of  the  oxides  or  chlorides  in  a  current  of  hydrogen.  The  reduction 
of  the  chlorides  may  also  be  effected  by  means  of  sodium,  and  that 
of  the  oxides  by  carbon.  The  metal  has  not  been  obtained  in  the 
coherent  state. 

Properties. — Tungsten  forms  a  lustrous  metallic  powder,  which, 
when  the  reduction  has  been  effected  at  a  white  heat,  consists  of 
minute  quadratic  plates.  It  is  unalterable  in  air  at  ordinary  tem- 
peratures, but  when  heated  to  redness  in  air  is  converted  into 
tungstic  anhydride.  Mtric  acid  oxidises  it  slowly,  aqua-regia 
rapidly,  to  tungstic  acid. 

The  quality  of  steel  is  stated  to  be  improved  by  the  addition  of 
tungsten. 

COMPOUNDS  OF  TUNGSTEN  WITE  TEE  EALOGENS. 


Hypotungstous  chloride 
Tungstens  chloride   . .  . 


W'Cl^. 
Wi^Cl^. 
WviClj;. 


Tungstic  hexachloride 


Eypotungstous  chloride,  WGlg,  is  most  readily  obtained  by 
heating  the  tetrachloride  in  a  current  of  carbonic  anhydride  (see 
Tungstoas  Chloride).  It  forms  a  grey  non- volatile  powder,  which  is 
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decomposed  by  exposure  to  the  air.  In  contact  with  water  it  slowly 
evolves  hydrogen,  and  is  converted  into  brown  hydra  ted  dioxide, 
whilst  the  liquid  contains  hydrochloric  acid.  ' 

Hypotungstous  bromide,  ■WBr2,  and  hypoUmgstous  iodide,  "Wl-i,  have  also  been 
prepared. 

Tungstous  chloride,  WCI4,  is  formed  during  the  preparation 
of  the  pentachloride  from  the  hexachloride.  As  it  is  non- volatile, 
it  remains  behind  in  the  process  of  subliination.  It  forms  a 
yellowish-brown  infusible  crystalline  mass.  When  strongly  heated 
with  exclusion  of  air  it  splits  up  into  tungstic  pentachloride,  which 
volatilises,  and  hypotungstous  cliloride,  which  remains : — 

3WCI4       =       2WCI5        +  WCI2. 

Tungstous  Tungstic  Hypotungstous 

chloride.  pentachloride.  .  chloride. 

It  is  hygroscopic,  and  is  decomposed  by  water  into  hydrochloric 
acid  and  brown  hydrated  tungstous  oxide. 

Tungstic  pentachloeide,  WClg.  Molecular  volume  Cn — 
This  compound  may  be  obtained  by  careful  distillation  of  the 
hexachloride  in  a  current  of  hydrogen.  It  is  best,  however,  to 
carry  the  reduction  as  far  as  the  formation  of  the  tetrachloride, 
which  may  be  done  by  employing  a  higher  temperature,  and  then 
to  decompose  the  tetrachloride  by  heating  still  more  strongly  in  a 
current  of  carbonic  anhydride,  when  it  breaks  up  into  pentachlo- 
ride and  dichloride  (see  Tungstous  Cliloride).  It  forms  black 
lustrous  needles,  fusing  at  248°  and  boiling  at  275'6°.  The  vapour 
is  yellowish-green.  (As  regards  the  anomaloxis  molecular  weight  of 
this  compound,  as  deduced  from  the  vapour  density,  see  j).  182, 
footnote.)  It  is  very  hygroscopic,  and  is  decomposed  by  water 
with  separation  of  a  blue  compound  supposed  to  be  a  tungstous 
tungstate. 

Tungstic  hexachloeide,  WClg.    Molecular  vohome   

When  tungsten  is  heated  in  a  current  of  chlorine,  combination 
occurs  with  incandescence,  and  the  hexachloride  is  formed.  The 
metal  employed  must  be  perfectly  free  from  oxide,  and  the  chlo- 
rine must  contain  neither  air  nor  moisture,  otherwise  the  product 
will  be  contaminated  with  oxytetrachloride,  WOCl^.  It  forms  a 
violet-black  crystalline  mass,  fusing  at  275°  and  boiling  at  346"7°. 
In  the  neighbourhood  of  its  boiling-point  the  vapour  possesses  a 
density  corresponding  with  the  formula  WClg  ;  at  higlier  tempera- 
tures the  density  is  less,  owing  to  dissociation.    Pure  tuno'stic 
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hexacliloride  is  not  altered  by  exposure  to  air,  but  when  it  contains 
oxychloride  it  undergoes  decomposition,  evolving  fumes  of  hydro- 
chloric acid.  In  like  manner  the  pure  hexacliloride  is  not  decom- 
posed by  water  until  heated  with  it,  but  that  which  contains 
oxychloride  is  at  once  decomposed  in  the  cold  with  formation  of  a 
greenish  oxide.  It  is  soluble  in  carbonic  disulphide,  yielding  a 
reddish-brown  solution,  from  which  it  is  deposited  in  brown  six- 
sided  plates. 

COMPOUNDS  OF  TUNGSTEN  WITH  OXYGEN 

Tungstous  oxide,  WO^,  is  obtained  when  tungstic  anhydride 
is  heated  to  low  redness  in  a  current  of  hydrogen.  Too  high  a 
temperature  must  be  avoided,  as  otherwise  metallic  tungsten  will 
be  formed.  On  the  other  hand,  if  too  low  a  temperature  be 
employed,  tungstous  tungstate,  WOgCOjW^O)",  is  obtained  as  a 
blue  powder.  Tungstous  oxide  is  a  brown  powder,  which  is 
scarcely  attacked  by  acids.  When  freshly  prepared  it  is  pp'O- 
phoric,  and  must  be  allowed  to  remain  for  some  time  in  an  atmo- 
sphere of  hydrogen  before  exposing  it  to  the  air. 

Tungstic  anhydride,  WO3,  occurs  native  as  the  rare  mineral 
wolfram  ochre.  It  is  best  obtained  fj-om  toolfram,  a  tungstate  of 
manganese  and  iron.  The  finely  powdered  mineral  is  digested  for 
several  days  on  the  water-bath  with  hydrochloric  acid,  and  finally 
with  aqua-regia.  The  insoluble  portion,  which  consists  of  tungstic 
acid  along  with  unattacked  wolfram  and  gangue,  is  washed  with 
water  and  extracted  with  ammonia,  which  dissolves  the  tungstic 
acid.  The  ammonic  tungstate  is  converted  into  the  anhydride  by 
ignition. — Tungstic  anhydride  is  a  yellow  powder,  which  is  fusible 
at  a  very  high  temperature,  and  may  be  volatilised  at  a  white  heat. 
Exposure  to  light  colours  it  green.  It  may  be  obtained  in  greenish 
crystals  by  fusion  with  borax,  or  by  igniting  a  mixture  of  sodic 
carbonate  and  sodic  tungstate  in  a  current  of  gaseous  hydrochloric 
acid.  It  dissolves  in  caustic  soda  and  caustic  potash,  but  is 
insoluble  in  ammonia  and  in  acids. 

Tungstic  acid. — This  acid  exists  in  several  modifications. 
When  an  acid  is  added  to  a  cold  solution  of  a  tungstate,  a  white 
precipitate  is  obtained,  which  when  dried  by  exposure  to  air 
possesses  the  composition  WOHo^.  When  this  compound  is 
dried  over  sulphuric  acid  it  parts  with  water,  and  is  converted 
without  change  of  colour  into  the  dibasic  acid,  WOaHoj.  Tlie 
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latter  compound  may  also  be  obtained  as  a  yellow  precipitate  by 
]wuring'  the  hot  solution  of  a  tungstate  into  hot  nitric  acid,  or  by 
boiling  an  insoluble  tungstate  with  nitric  acid.  These  acids  are 
insoluble  in  water.  In  contact  with  zinc  and  hydrochloric  acid, 
tungstic  acid  is  coloured  first  blue  and  afterwards  brown,  owing  to 
the  formation  of  tungstous  tungstate  and  of  a  lower  oxide — probably 
the  hydrated  dioxide. — A  soluble  metahmgstic  acid, 

W,0,,H02,7OH2, 

is  obtained  by 'decomposing  baric  metatungstate  (see  Tungstates) 
with  sulphuric  acid,  or  plumbic  metatungstate  with  sulphuretted 
hydrogen,  and  evaporating  at  ordinary  temperature.  It  forms 
soluble  yellow  octahedra.  The  solution  has  an  acid  reaction,  and 
may  be  concentrated  to  a  syrup,  but  on  boiling  the  concentrated 
solution  a  separation  of  ordinary  insoluble  tungstic  acid  occurs. — 
A  second  soluble  modification,  colloidal  tungstic  acid;  is"  obtained 
like  the  corresponding  modification  of  niolybdic  acid  (p.  714)  by 
adding  to  a  5  per  cent,  solution  of  sodic  tungstate  a  quantity  of 
hydrochloric  acid  sufficient  to  combine  with  the  sodium,  and  sub- 
jecting the  hquid  to  dialysis.  The  solution  may  be  boiled  either 
alone  or  with  acids  without  depositing  ordinary  tungstic  acid.  The 
coUoidal  acid  may  be  obtained  by  evaporation  as  a  vitreous  mass, 
which  may  be  heated  to  200°  without  being  converted  into  the  in- 
soluble modification.  The  vitreous  acid  dissolves  slowly  but  com- 
pletely in  one-fourth  of  its  weight  of  water.  When  strongly 
heated,  all  the  modifications  of  tungstic  acid  are  converted  into 
the  anhydride. 

As  in  the  case  of  molybdenum,  oxy-halogen  compounds  of 
tungsten  have  been  prepared : — 

Tungstic  oxytetrachloride    WOCl^. 

Tungstic  dioxydichloride   WOgClg. 

Tungstic  dioxydibromide   WO^Bv^. 

THE  TUNGSTATES. 

Tungstic  acid  forms  a  series  of  very  complex  salts.  These 
resemble  in  many  respects  the  salts  of  molybdic  acid,  especially  in 
the  case  of  the  polytimgstatcs,  which  correspond  with  the  polymolyb- 
dates,  and  are  formed  by  the  combination  of  the  normal  salt  with 
the  anhydride  in  varying  proportions.  The  complexity  is  further 
increased. by  the. existence  of  a  separate  class  of  salts,  the  mete- 
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hmffstates,  which  are  distinguished  by  not  yielding  a  precipitate  on 
the  addition  of  an  acid,  except  after  prolonged  boiling, 

Fotassic  tungstates.— The  normal  salt  is  obtained  by  adding 
tungstic  anhydride  in  small  quantities  at  a  time  to  fused  potassic 
carbonate,  dissolving  the  cooled  mass  in  hot  water.  The  solu- 
tion deposits  on  cooling  prismatic  crystals  of  the  formula  • 

W02K02,2OH2. 

When  a  solution  of  the  normal  salt  is  boiled  with  tungstic  anhy- 
dride as  long  as  the  latter  dissolves,  a  dodecatiing state  of  the 
formula  ^^0^^0^^,11011^  separates  in  lustrous  scales  as  the 
liquid  cools. 

Sodic  tungstates. — The  normal  salt,  W02Nao.2,20H2,  is  obtained 
like  the  potassium  salt,  and  crystallises  in  thin  rhombic  prisms. 
The  following  is  a  list  of  the  sodic  tungstates  which  have  been 
prepared ': — 

Disodic  tungstate    ■W02]Srao2,20Il2- 

Disodic  ditungstate   W205Nao2,20H2. 

Tetrasodic  tritungstate    'W"30yN'ao^,70H2. 

Tetrasodic  pentatungstate  . ,  WgOjglSrao^.llOHj. 
Hexasodic  heptatungstate  . .    WyOjg]SraOg,160H2,  or  2IOH2. 
Decasodic  dodecatungstate. .    'Wi203jNaOjo,2lOH2,  or  25OH2, 

or  28OH2. 

The  dodecatungstate,  also  known  as  sodic  paratungstate,  is  manu- 
factured by  roasting  the  mineral  wolfram  with  soda  ash  and 
extracting  the  fused  mass  with  water.  The  solution  is  almost 
neutralised  with  hydrochloric  acid  and  then  left  to  crystallise.  At 
ordinary  temperatures  the  aquate  with  28  aq.  is  deposited  in  large 
triclinic  crystals ;  at  higher  temperatures  the  other  aquates  given 
in  the  above  list  are  obtained.  This  salt  is  sometimes  employed  as 
a  mordant,  and  also  in  rendering  cotton  and  linen  fabrics  uniuftam- 
^mable.— Sodic  metatungstate,  W4OiiNao2,10OH2,  is  obtained  by 
boiling  normal  sodic  tungstate  with  tungstic  anhydride.  It  crys- 
tallises in  efflorescent  octahedra,  which  are  soluble  in  less  than 
one-tenth  of  their  weight  of  cold  water. 

Amnionic  tungstates. — The  normal  salt  has  not  been  prepared,  but  various  poly- 
tungstates  and  a  metatungstate  are  known. 

The  following  tungstates  occur  as  minerals  : — 

Calcic  tungstate  {scheelite)   "WOsCao". 

Plumbic  tungstate  (stolzite)    WOoPbo". 

Ferrous  tungstate  (farberite)   WOsFeo". 

Manganous  tungstate  {hilbnerite)    "WOoMno  . 
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An  isomorphous  mixture  of  the  two  last  compounds  constitutes  the  mineral 
wolfram. 

A  class  of  phospho-tungstates  is  known,  corresponding  with  the 
phospho-molybdates. 

Silico-tunffstic  Acids. — Some  of  the  polytungstic  acids  combine  with  silicic  acid 
to  form  pecidiar  compound  acids.  When  sodic  or  potassic  heptatungstate  is  boiled 
with  gelatinous  silicic  acid,  salts  of  silico-dodecatungstic  acid,  SiWi2034Ho8,  are 
formed.  In  order  to  obtain  the  free  acid,  mercurous  nitrate  is  added  to  the  solu- 
tion of  the  salts,  and  the  precipitate  of  mercurous  silicotungstate,  after  washing, 
is  decomposed  with  hydrochloric  acid.  The  filtrate  from  the  mercurous  chloricfe 
deposits  on  spontaneous  evaporation  large,  colourless,  lustrous,  quadratic  octahedi-a 
of  the  above  acid  with  29  aq.  When  heated,  it  fuses  in  its  water  of  crystallisation 
and  deposits  at  a  temperature  of  53°  rhombohedra  containing  22  aq.  It  forms  botli 
noi-mal  and  acid  salts  :  thus  the  three  potassic  siUcotungstates  have  had  the  fol- 
lowing formulae  assigned  to  them  : — 

SiWj2034Ko8,140H2, 

SiWi2034H04K04,160H2, 
2SiWi2034H05K03,250H2. 

If  gelatinous  silicic  acid  be  boUed  with  an  ammonic  polytungstate,  the  ammo- 
mum  salts  of  two  other  silicotungstic  acids  are  formed:  of  a  siUco-decatungstic 
acid,  SiW,o02gHo8,30H2,  and  of  a  silico-dodecatungstic  acid  isomeric  with  that 
above  described.  This  second  dodeca-acid  is  known  as  tungsto-siUcic  acid  It 
crystallises  in  tncHnic  prisms  with  20  aq.,  and  its  salts  are  distinguished  from  tho«e 
ot  ordinary  silico-timgstic  acid  by  greater  solubility,  by  crystallising  in  different 
forms,  and  by  containing  a  different  number  of  molecules  of  water  of  crvstalHsa- 
tion. 

The  Tungsto-tttngstates. 
These  compounds,  which  may  be  regarded  as  combinations  of  the  timgstates 
with  tungstens  oxide,  are  obtained  by  the  reduction  of  the  polytungstates  Thev 
are  characterised  by  metaUic  lustre,  and  have  been  employed  as  bronze  powder. 

^WOaKo 
O 

WO     .—Tungstic  anhydride  is  added  to  fused 
^W02Ko 

potassic  tungstate  as  long  as  it  dissolves.  The  mass  thus  obtained  is  then  reduced 
by  gently  heating  in  a  current  of  hydrogen,  and  is  then  extracted  successively  with 
water,  hydrocWoric  acid,  caustic  potash,  and  again  with  water.  It  is  thus  obtained 
in  dark-blue  needles,  with  a  coppery  lustre. 

to  .f/*V""''''''"?''f' '''''  obtained  either  by  a  method  similar- 

to  the  above,  or  by  fusmg  a  polytungstate  of  sodium  with  tin,  and  extracting  the 

reirmc"^  -^^^^^-^  -ti': 

COMPOUNDS  OF  TUNGSTm  WITH  SULPHUR. 

Tungstous  sulphide,  WS^",  is  formed  when  the  trisulphide  is 
ilieated  with  exclusion  of  air,  or  when  tungstic  anhydride  is  heated 
I  m  a  cun-ent  of  sulphuretted  hydrogen  :— 

3  A  2 
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WO3    +    3SH2    =    WS"2    +    S    -F  SOH,. 

Tungstic        Sulphuretted       Tungstous  Water, 
anhydride.        hydrogen.  sulphide. 

It  forms  a  blue-black  crystalline  powder. 

Tungstic  sulphide  {Tungstic  sulphanhydride),  WS'^g,  is  ob- 
tained like  the  corresponding  molybdenum  compound  by  saturating 
the  solution  of  a  tungstate  with  sulphuretted  hydrogen  and  then 
adding  an  acid.  It  is  a  dark-brown  powder,  which  dissolves  in 
alkaline  sulphides  with  formation  of  sulpho-tungstates.  Potassic 
sulplio-tungstate,  WS"2Ks2,  forms  yellow  prismatic  crystals. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Tungsten. — The  insoluble  compounds  of  tungsten  can  be  obtained 
in  a  soluble  form  as  alkaline  tungstates  by  fusion  with  an  alkali, 
preferably  with  the  addition  of  nitre.  When  metallic  zinc  or  tin 
is  introduced  into  the  hydrochloric  acid  solution  of  a  tungstate, 
the  liquid  assumes  a  deep-blue  colour.  Amnionic  sulphide  pro- 
duces in  the  solution  of  a  tungstate  no  precipitate,  but  if  hydro- 
chloric acid  be  added  to  the  liquid  thus  obtained,  tungstic  sulphide 
is  precipitated  as  a  dark-brown  powder.  The  tungsten  compounds 
yield  with  microcosmic  salt  a  bead  which,  in  the  oxidising  flame, 
is  colourless  or  pale  yellow,  in  the  reducing  flame,  blue.  On  the 
addition  of  ferrous  sulphate,  the  bead  assumes  a  blood-red  colour 
in  the  reducing  flame. 


CHAPTEK  XLI. 

HEXAD  ELEMENTS, 

Section  III. 

CHROMIUM,  Cr. 

Atomic  weight  =  52.  Molecular  weight  unhio-wn.  Sp.  gr.  7-3 
(Bunsen).  Atomicity  ",  '\  and  possible/  ;  also  a  pseudo- 
triad.    Evidence  of  atomicity : — 

Chromous  chloride   Cr"Cl2. 

Chromic  chloride   j^Cr"'Cli|" 


CHROMIUM. 


Chvomic  perfluoricle 
Chromic  auliyclride 

Perchromic  acid   . . 


O3H0 
0^0 


(?)• 


History. — Chromium  was  discovered  by  Vauquelin  in  1797, 
and  inde^Jendently  by  Klaproth  about  the  same  time. 

Occurrence. — Chromium  does  not  occur  abundantly,  and  is  never 
found  in  the  free  state.  Its  chief  natural  compounds  are  those 
wJiich  it  forms  with  other  metals,  together  with  oxygen.  Of  these 
the  most  abundant  is  chrome  iron  ore,  'QVcP<^&o".  It  also  occurs 
as  plumbic  chromate,  CrOgPbo",  in  crocoisite.  The  colour  of 
various  minerals  and  gems,  such  as  serpentine,  chromic  mica,  and 
the  emerald,  is  due  to  the  presence  of  small  quantities  of  chro- 
mium. 

Preparation. — Chromium,  may  be  reduced  from  its  chloride  by 
meaus  of  zinc.  For  this  purpose  the  chloride  is  heated  with  zmc 
in  a  Hessian  crucible,  employing  a  mixture  of  potassic  chloride 
and  sodic  chloride  as  a  flux.  The  zinc  regulus  is  treated  first  with 
cold  and  afterwards  with  warm  dilute  nitric  acid,  as  long  as 
anything  dissolves.  The  metallic  chromium  remains  as  a  grey 
powder.  For  the  above  reaction,  it  is  not  necessary  to  prepare 
anhydrous  chromic  chloride :  the  mixture  of  chromic  chloride  and 
potassic  chloride  obtained  by  the  reduction  of  potassic  dichromate 
with  hydrochloric  acid  and  alcohol  is  evaporated  with  the  addition 
of  sodic  cliloride,  and  the  mass  thus  obtained  is  carefully  dried  and 
employed  as  above. — Chromium  may  also  be  obtained  by  heating 
chromic  oxide  to  a  very  high  temperature  with  sugar  in  a  lime 
crucible. — Bunsen  has  prepared  the  metal  by  the  electrolysis  of  a 
solution  of  chromous  chloride  containing  chromic  chloride. 

Properties. — Metallic  chromium,  reduced  from  the  chloride  by 
zinc,  is  a  light-grey  crystalline  powder,  in  which,  by  the  aid  of  the 
microscope,  tin-white  lustrous  octahedra  may  be  perceived.  Pre- 
pared by  electrolysis,  it  is  deposited  on  a  platinum  electrode  as  a 
coherent  plate.  It  is  more  difficultly  fusible  than  platinum,  and  as 
hard  as  corundum.  It  is  only  slowly  oxidised  when  heated  in  air 
with  a  Bunsen  or  hydrogen  flame,  but  burns  with  brilliant  scin- 
tillations in  the  oxy-hydrogen  flame.  When  thrown  on  potassic 
chlorate  which  has  been  heated  to  incipient  fusion,  it  is  oxidised 
with  dazzling  incandescence,  yielding  potassic  chromate.  Hydro- 
chloric acid  dissolves  it  readily  with  evolution  of  hydrogen ;  dilute 
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sulphuric  acid  scarcely  attacks  it  in  the  cold,  but  when  hot  dis- 
solves it,  also  evolving  hydrogen;  nitric  acid,  even  when  hot  and 
concentrated,  does  not  act  upon  it.  The  hardness  of  steel  is  greatly 
increased  by  the  addition  of  0-5  to  0-75  per  cent,  of  chromium. 

COMPOUNDS  OF  CHROMIUM  WITH  THE  HALOGENS. 

a.  Chromous  Compmmds. 

Chromous  chloride,  CrCla-— A  solution  of  this  compound  is 
obtained  when  the  metal  is  dissolved  in  hydrochloric  acid.  The 
anhydrous  chloride  is  best  prepared  by  gently  heating  chromic 
chloride  in  a  current  of  dry  hydrogen.  It  forms  a  white  crys- 
talline mass,  and  dissolves  in  water,  yielding  a  blue  solution,  which 
rapidly  absorbs  oxygen  from  the  air  and  possesses  powerful  re- 
ducing properties. 

Chromous  bromide,  OtBv^,  is  prepared  in  a  simHar  manner  from  chromic  bro- 
mide.   It  resembles  the  chloride  in  its  properties. 

h.  Chromic  Compounds. 

Chromic  chloride,  'CraClg,  is  prepared  by  heating  a  mixture 
of  chromic  oxide  and  carbon  in  a  current  of  dry  chlorine.  It  forms 
lustrous  scales,  of  the  colour  of  peach-blossom,  which  may  be  sub- 
limed in  a  current  of  chlorine.  When  heated  in  air,  it  evolves 
chlorine  and  is  converted  into  chromic  oxide.  Pure  chromic 
chloride  is  almost  insoluble  in  water  at  ordinary  temperatures,  and 
dissolves  only  slowly  when  boiled  with  water  for  a  considerable 
time,  but  in  presence  of  a  very  minute  quantity  of  chromous 
chloride,  it  dissolves  readily  in  cold  water,  yielding  a  green  liquid. 
Stannous  chloride  and  other  reducing  agents  produce  the  same 
effect.  The  green  solution,  which  may  also  be  obtained  by  dis- 
solving chromic  hydrate  in  hydrochloric  acid,  yields,  by  evaporation 
over  sulphuric  acid,  green,  very  soluble  needles  of  the  compound 
'Cr2Clg,120H2.  These,  when  heated,  part  with  water  and  hydro- 
chloric acid,  and  are  converted  into  an  oxychloride.  By  heating 
in  a  current  of  gaseous  hydrochloric  acid,  they  may,  however,  be 
converted  into  the  anhydrous  violet  chloride. 

Chromic  bromide,  'Cr2Br6,  is  prepared  like  the  chloride.  It  forms  black  hexa- 
gonal scales,  with  a  submetallic  lustre.  The  crystals  exhibit,  hy  transmitted  hght, 
olive -green  and  red  dichroism. 

Chromic  fluoride,  'CroFj,  is  obtained  by  dissolving  chromic  hydrate  in  hydrofluoric 
iicid.    On  evaporating  the  solution  a  green  crystalline  mass  is  obtained,  which  fuses 
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at  a  red-heat,  and  at  a  very  high  temperature  sublimes  in  lustrous  regular  octa- 
hedra. 

c.  Perchromic  Compounds. 

Only  one  of  these  is  known — the  perfluoride.  In  all  circum- 
stances where  the  formation  of  a  perchloride  or  perbromide  might 
be  expected,  chlorine  or  bromine  is  evolved,  and  the  corresponding 
chromic  compound  is  formed. 

Chromic  perfluoride,  CrFg,  is  prepared  by  heating  a  mixture  of 
calcic  fluoride  and  ignited  plumbic  chromate  with  concentrated 
sulphuric  acid  in  a  retort  of  lead  or  platinum: — 

Cr02Pbo"    +    3CaF2    +    4SO2H02    =    CrFg  + 

Plumbic  Calcic  Sulphuric  Chromic 

chromate.  fluoride.  acid.  fluoride. 

SO^Pbo"    +    SSOaCao"    +  4OH2. 

Plumbic  Calcic  Water, 

sulphate.  sulphate. 

A  red  gas  passes  over,  which  condenses  to  a  red  fuming  liquid.  In 
contact  with  water  it  is  decomposed,  yielding  chromic  and  hydro- 
fluoric acids. 

COMPOUNDS  OF  CHROMIUM  WITH  OXYGEN, 

0 

Chromic  oxide  j^CrO^'  0=cOcr=0. 

0 

II 

Chromic  anhydride. . . .     CrOj.  0=Cr=0. 

Chromous  oxide,  CrO,  is  not  known,  but  its  hydrate  and 
several  of  its  salts  have  been  prepared. — Chromous  hydrate,  CrHog, 
is  obtained  as  a  brownish-yellow  precipitate  by  the  addition  of 
caustic  potash  to  a  solution  of  chromous  chloride.  It  readily 
absorbs  oxygen,  and  must  be  dried  with  exclusion  of  air.  When 
heated  in  absence  of  air,  it  parts  with  water  and  hydrogen,  being 
converted  into  chromic  oxide : — 


2CrHo2    =    Cr203    +    OHg    +  K^. 

Chromous  Chromic  Water, 

hydrate.  oxide. 

Chromic  oxide,  'Cr^Oy — This  oxide  occurs  native  as  the 
mineral  chrome-ochre,  contaminated  with  earthy  impurities.    It  is 
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formed  when  chromic  hydrate,  or  chromic  anhydride,  or  diammonic 
dichromate,  is  heated: — 

rCrO,(NH.O) 

Diammonic  Chromic  Water 

dichromate.  oxide. 

It  is  most  readily  obtained  by  heating  a  mixture  of  equal  parts  of 
dipotassic  dichromate  and  sulphur,  or  of  dipotassic  dichromate  and 
ammonic  chloride.  On  extracting  the  residue  with  water,  the 
chromic  oxide  remains  undissolved.  It  is  a  dark-green  amorphous 
powder,  which  fuses  in  the  oxyhydrogen  flame,  and  sohdifies  to  an 
almost  black,  crystalline  mass.  It  may  be  obtained  in  lustrous, 
dark-green,  hexagonal  crystals  by  passing  the  vapour  of  chromic 
oxydichloride,  Cr02Cl2,  through  a  red-hot  tube.  The  strongly 
ignited  oxide  is  almost  insoluble  in  acids.  Chromic  oxide  is  used  as 
a  pigment  under  the  name  of  chrome  green,  and  in  the  preparation  of 
green  glass  and  enamel. 

Chromic  hydrate,  'CrjHog.— Ammonia  produces  in  solutions 
of  chromic  salts  free  from  alkali  a  pale-blue  precipitate  of  a  hydrate 
which,  after  drying  over  sulphuric  acid,  has  the  formula 

'Cr2Ho6,40H2. 

In  a  vacuum  it  slowly  parts  with  3  aq.,  and  when  heated  to  220'' 
in  a  current  of  hydrogen  is  converted  into  the  hydrate  'Cr,,02Ho2. 
Another  hydrate  of  the  formula  'Cr20IIo4,  employed  as  a  pigment 
under  the  name  of  Chiignet's  green,  is  prepared  by  fusing  dipotassic 
dichromate  with  boric  acid,  and  extracting  the  mass  with  water. 
These  hydrates  are  difficultly  soluble  in  acids.  Freshly  precipitated 
chromic  hydrate  dissolves  slightly  in  aqueous  ammonia,  yielding  a 
peach-blossom-coloured  solution.  This  solubility  depends  upon  the 
formation  of  a  chromamine  corresponding  with  the  cobaltamines 
{q.v).  The  freshly  precipitated  hydrate  also  dissolves  in  a  solution 
of  chromic  chloride,  and  from  the  solution  thus  obtained  the  greater 
part  of  the  hydrochloric  acid  may  be  removed  by  dialysis,  leaving 
a  soluble  colloidal  modification  of  chromic  hydrate.  (Graham 
found  in  the  liquid  remaining  in  the  dialyser  1  mol.  of  hydro- 
chloric acid  to  33  mols.  of  chromic  hydrate.)  The  dark-green  solu- 
tion is  not  precipitated  by  dilution  or  by  boiling,  but  the  addition 
of  the  slightest  trace  of  a  salt  causes  it  to  coagulate. — The  precipi- 
tate produced,  in  solutions  of  chromic  salts  by  caustic  alkalies, 
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wliich  dissolves  in  an  excess  of  the  precipitant,  and  is  reprecipitated 
by  boiling,  always  contains  alkali ;  and  this  cannot  be  removed  by 
washing. 

Chromic  anhydride,  Cr03. — In  order  to  prepare  this  com- 
pound, 1^  volumes  of  concentrated  sulphuric  acid  are  added  to 
1  volume  of  a  cold  saturated  solution  of  dipotassic  dichromate.  On 
cooling,  the  chromic  anhydride  crystallises  out  in  long  red  needles. 
It  may  be  freed  from  the  excess  of  acid  by  allowing  it  to  drain 
upon  a  porous  tile,  in  which  condition  it  is  sufficiently  pure  for 
most  purposes.  In  order  to  obtain  it  quite  pure,  the  crystals  must 
be  filtered  off,  employing  a  filter  of  asbestos  or  spun  glass,  as 
organic  substances  instantly  reduce  the  anhydride,  and  the  sub- 
stance must  be  washed  upon  the  filter  with  pure  nitric  acid  free 
from  nitrous  anhydride,  and  finally  freed  from  the  nitric  acid  by 
warming  in  a  current  of  dry  air. — Chromic  anhydride  forms  either 
a  woolly  mass  of  fine  red  needles,  or  red  prisms.  It  is  very 
soluble  in  water,  yielding  a  reddish-brown  solution,  which  becomes 
yellow  on  dilution.  It  is  also  soluble  both  in  concentrated  and  in 
dilute  sulphuric  acid,  but  is  almost  insoluble  in  a  sulphuric  acid 
containing  from  16  to  17  per  cent,  of  water — a  property  wliich  is 
utilised  in  its  preparation.  It  fuses  without  decomposition  when 
heated,  but  at  250°  is  resolved  into  cliromic  oxide  and  oxygen.  It 
is  very  readily  reduced  to  chromic  oxide,  and  therefore  acts  as  a 
powerful  oxidising  agent.  Sulphurous  anhydride,  sulphuretted 
hydrogen,  nitrous  anhydride,  and  most  organic  substances  efi'ect  its 
reduction.  Alcohol  poured  upon  the  dry  anhydride  inflames. 
Glacial  acetic  acid,  however,  dissolves  it  without  decomposition. 
Both  the  aqueous  and  the  acetic  acid  solutions  of  chromic  anhy- 
dride are  employed  in  organic  chemistry  as  oxidising  agents,  the 
latter  solution  being  particularly  efficacious,  owing  to  the  fact  that 
the  acetic  acid  generally  also  acts  as  a  solvent  for  the  organic  sub- 
stance which  is  to  be  oxidised.  Sometimes,  in'stead  of  aqueous 
chromic  anhydride,  a  solution  of  dipotassic  dichromate  in  dilute 
sulphuric  acid  is  employed  as  an  oxidising  agent.  When  heated 
with  hydrochloric  acid,  chromic  anhydride  evolves  chlorine,  and  is 
converced  into  chromic  chloride ;  heated  with  concentrated  sul- 
phuric acid  it  gives  off  oxygen,  yielding  chromic  sulphate. 

Chromic  acid,  Cr02lIo2.    See  Chromates. 

Perchromic  acid,  j^QrO^^Ho^'''' — ^^^^^  liydroxyl  is  added  to  a 
solution  of  chromic  anhydride  or.  of  a  chromate  acidified  with  sul- 
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phunc  acid,  a  deep-blue  coloration  is  produced.  The  compound 
thus  formed.,  which  is  possibly  a  perchromic  acid  of  the  above  com- 
position, speedUy  decomposes  with  evolution  of  oxygen,  and  the 
solution  contains  only  chromic  acid.  On  agitating  the  blue  solu- 
tion with  ether,  this  solvent  extracts  the  blue  compound  from  the 
water,  and  rises  to  the  surface  as  a  dark-blue  layer.  The  ethereal 
solution,  though  somewhat  more  stable  than  the  aqueous  solution 
leaves  only  chromic  anhydride  on  evaporation.  The  formation  of 
this  blue  compound  is  a  very  delicate  and  characteristic  test,  both 
for  chromic  anhydride  and  for  hydroxyl-indeed,  for  the  latter 
substance  it  is  the  only  thoroughly  characteristic  test. 

The  other  oxides  of  chromium  generally  enumerated  are  difficult  to  obtain  of 
constant  composition.  A  chromous  dichromic  tetroxide,  'Cr.,O.Cro",  is  probably 
tormed  in  the  process  of  preparing  the  metal  by  electrolysis,  but  appears  to  be 
mixed  with  metallic  chromium.  The  substance  known  as  chromic  dioxide,  CrO,  is 
probably  a  compound  of  chromic  anhydride  with  chromic  oxide  ;  by  washing  with 
water  it  is  decomposed  into  these  two  substances. 


OXY-SALTS  OF  GEROMIUM. 

a.  Chromous  Salts. 

^  The  chromous  salts  are  of  slight  importance.  They  are  readily 
oxidisable,  and  absorb  oxygen  from  the  air. 

Chromous  sulphate,  SO.jCro",  is  known  only  in  solution.    It  is  formed  when 
metallic  chromium  is  dissolved  in  dilute  sulphuric  acid.    Dipotassic  chrotnous  sul- 
rsOaKo 

phate,  <  Cro"   ,60H2,  is  prepared  by  dissolving  potassic  sulphp,te  in  a  solution  of 
|_  SO3K0 

chromous  chloride,  adding  alcohol,  and  then  allowing  the  mixture  to  stand  for  some 
time  with  exclusion  of  air.  It  crystallises  in  blue  monoclinic  prisms,  which  on  expo- 
sure to  air  quickly  become  green  from  oxidation. 

Chromous  phosphate,  P202Cro"3,  and  chromous  carbonate,  COCro",  have  also 
been  prepared. 

h.  Chromic  Salts. 

Chromic  oxide  forms  with  acids  the  chromic  salts,  in  which  the 
hexadic  group  ('Cr'"2)v^  displaces  six  atoms  of  hydrogen  in  the  acid. 
The  aqueous  solutions,  prepared  by  dissolving  the  salts  in  cold 
water,  are  violet-coloured ;  on  heating,  the  colour  changes  to  green, 
and  on  cooling,  the  violet  colour  returns  only  after  a  considerable 
time.  Crystallised  salts  can  be  obtained  only  from  the  violet 
solutions :  the  green  solutions  yield,  by  evaporation  or  on  the 
addition  of  alcohol,  green  amorphous  masses.  The  violet  solutions 
alone  contain  a  pure  chromic  salt ;  this,  on  warming,  is  decomposed 
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into  basic  salt  and  free  acid,  the  chemical  change  being  accompanied 
by  the  above  change  of  colour. 

Chromic  nitrate,  N60i2('Cr"'206)vi,180H2,  is  obtained  by  disBolring  chromic 
hydrate  in  nitric  acid.    It  forms  red,  soluble,  monoclinic  crystals. 

Chromic  Sulphate,  S306CCr'".Pg)^,150H2,  is  prepared  by 
dissolving  chromic  hydrate  in  its  own  weight  of  concentrated  sul- 
phuric acid.  The  solution,  which  is  green  at  first,  becomes  blue 
on  standing,  and  deposits  a  violet-blue  crystalline  mass  of  the  above 
salt.  This  may  be  purified  by  dissolving  in  cold  water  and  pre- 
cipitating with  alcohol.  From  its  solution  in  cold  dilute  alcohol  it 
is  deposited  in  blue  regular  octahedra.  The  aqueous  solution 
prepared  in  the  cold  has  a  violet  colour,  which  changes  to  green  on 
boiling. 

DiPOTASSic  Chromic  Sulphate  {Chrome  alum), 

SOaKo-i 
on   ' 

('Cr'"206)^,24OH2.— This  compound  is  best  prepared  by 
SO^Ko-l 

dissolving  equal  molecular  proportions  of  dipotassic  dichromate  and 
sulphuric  acid  in  water  and  passing  sulphurous  anhydride  into  the 
solution : — 

r  CrO^Ko 

<^  0  -f-  SO2H02  +  3SO2  =  {'Gv'\0^)^  +  OH2. 

LWo 

Dipotassic  Sulphuric    Sulphurous       Chrome  Water, 

dichromate.  acid.        anhydride.  alum. 

Other  reducing  agents,  such  as  alcohol,  may  be  employed  instead 
of  sulphurous  anhydride,  but  in  this  case  it  is  necessary  to  add  a 
larger  quantity  of  sulphuric  acid.  Chrome  alum  crystallises  in 
deep  ruby-red  octahedra,  which  by  reflected  light  appear  almost 
black.  It  dissolves  in  cold  water  with  a  reddish-violet  colour, 
which  becomes  green  on  boiling.  After  standing  for  a  long  time  it 
recovers  its  original  colour^  Chrome  alum  is  employed  in  dyeing 
and  calico-printing,  and  in  tanning. — Amvionia  chrome  alum  is 
prepared  like  the  potassium  compound,  which  it  closely  resembles 
in  its  properties. 

■THE  GHBOMITES. 

Chromic  oxide  possesses  the  property  of  combining  with  other 
oxides — especially  with  the  oxides  of  the  dyad  metals — to  form 
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compounds  which  may  be  regarded  as  salts  of  the  acid  'Cr  0  Ho 
To  this  particular  hydrate  of -chromium  the  name  chromous  cu^id 
may  therefore  be  applied,  and  these  compounds  would  then  be 
termed  chromites.  It  has  already  been  mentioned  that  when 
chromic  hydrate  is  precipitated  by  caustic  alkalies,  the  precipitate 
contains  alkali  which  cannot  be  removed  by  washing.  This  is  due 
to  the  formation  of  a  chromite  of  the  alkali.  Only  the  chromites 
of  the  dyad  metals,  however,  have  been  obtained  as  well  charac- 
terised compounds.  These  crystallise  in  regular  octahedra,  and 
belong  to  the  same  class  as  the  aluminates  of  the  dyad  metals 
(p.  648),  or  as  magnetic  oxide  of  iron  {q.v.),  all  of  which  also 
crystallise  in  regular  octahedra,  and  may  be  regarded  as  formed  by 
the  combination  of  a  monoxide  with  a  sesquioxide. 

Zincio  chromite,  'CrjOoZno",  is  obtained  in  lustrous  blackish-green  octahedra  by 
fusing  a  amixture  of  zincic  oxide  and  chromic  oxide  with  boric  anhydride. 

Manr/anous  chromite,  'CrjOaMno",  is  obtained  in  a  similar  manner,  substituting 
manganous  oxide  for  zincic  oxide.    It  forms  very  hard  iron-grey  octahedra. 

Ferrous  chromite,  'Cr^O^Feo'',  occurs  in  nature  as  the  mineral 
chrome  iron  ore.  It  generally  occurs  in  crystalline  masses;  but 
distinct  octahedral  crystals  are  also  found. 


THE  CHBOMATES. 

These  are  the  salts  of  the  unknown  chromic  acid,  CrO.,Ho.,. 
This  acid  possibly  exists  in  the  aqueous  solution  of  chromic  anhy- 
dride, but  on  evaporating  this  solution  only  chromic  anhydride  is 
obtained.  Hydroxyl  does  not  appear  to  be  capable  of  entering  into 
stable  combination  with  the  radical  chromyl  {GyO^".  Not  only 
does  chromic  acid  part  spontaneously  with  the  elements  of  water 
to  yield  an  anhydride ;  but  not  even  the  acid  chromates  are  capable 
of  existing.  Thus  in  all  cases  in  which  the  formation  of  hydric, 
potassic  chromate  might  be  expected,  two  molecules  of  this  salt 
combine,  with  elimination  of  one  molecule  of  water,  to  form  the 

rCrO.Ko 
anhydro-salt  dipotassic  dichromateA  0 

[CrO^Ko 

When  chromic  oxide,  a  chromic  salt,  or  any  substance  containing 
chromium  is  fused  with  nitre,  the  chromium  is  oxidised  by 
the  oxygen  of  the  nitre,  and  a  yellow  mass  is  obtained  whicli 
contains  potassic  chromate,  Cr02Ko2.  Formerly  this  compound 
was  prepared  by  heating-  chrome  iron  ore  with  nitre,  but  at 
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the  present  day  potashes  are  substituted  for  the  more  costly 
nitre,  and  the  oxidation  is  effected  by  means  of  the  oxygen  of 
the  air.  Chrome  iron  ore  is  first  roasted  and  then  finely  ground. 
A  mixture  of  roasted  and  powdered  ore,  crude  potashes,  and  lime 
is  first  dried  at  150°  and  then  heated  to  bright  redness  in  the 
oxidising  flame  of  a  reverberatory  furnace.  The  addition  of  the 
lime  prevents  the  fusion  of  the  mass,  which  is  thus  kept  in  a  pasty 
condition.  During  the  operation  the  heated  mass  is  constantly 
stirred,  so  as  to  expose  fresh  surfaces  to  the  oxidising  action  of  the 
flame.  As  soon  as  the  oxidation  is  complete  the  charge  is  with- 
drawn and,  after  cooling,  is  lixiviated  with  the  smallest  possible 
quantity  of  boiling  water.  If  the  solution  should  contain  calcic 
cliromate,  potassic  sulphate  is  added  in  quantity  sufficient  to 
convert  it  into  the  potassium  salt,  the  calcium  being  at  the  same 
time  precipitated  as  sulphate.  The  solution  now  contains  potassic 
cliromate,  but  it  would  be  impossible  to  separate  this  salt  by 
crystallisation  from  the  other  salts  present,  owing  to  its  ready 
solubility.  It  is  therefore  necessary  to  convert  it  into  the  less 
soluble  dichromate.  Tor  this  purpose  a  quantity  of  sulphuric  acid 
sufficient  to  saturate  half  the  potassium  present  as  chromate  is 
diluted  with  twice  its  volume  of  water  and  added  to  the  solution : — 


2Cr02Ko2    +  SO2H02 

Potassic  Sulphiiric 
cliromate.  acid. 


rCrO^Ko 

^  0  +  SO2K02  +  OH,. 

LCrO^Ko 

Dipotassic  Potassic     '  Water, 

dickromate.  sulphate. 


The  normal  chromate  is  soluble  in  twice  its  weight  of  cold  water, 
whilst  the  dichromate  requires  ten  times  its  weight  of  water  for 
solution ;  the  greater  part  of  the  dichromate  therefore  crystallises 
from  the  above  liquid  on  cooling.  The  mother  liquor,  which  con- 
tains potassic  sulphate,  is  employed  in  the  extraction  of  another 
roasted  charge.  The  potassic  dichromate  is  purified  by  crystallisa- 
tion.   (For  the  properties  of  this  salt  see  below.) 

Potassic  chromate,  Cr02Ko2. — (For  the  mode  of  formation, 
see  preceding  paragraph.)  In  order  to  obtain  this  salt  in  a  state  of 
purity  an  excess  of  caustic  potash  is  added  to  a  solution  of  the 
dichromate.  The  colour  of  the  solution  changes  from  orange-red 
to  yellow,  and  on  evaporation  yeUow  rhombic  crystals  of  the 
normal  chromate  are  deposited.  The  crystals  are  isomorphous 
with  those  of  potassic  sulphate,  with  which  salt  it  is  capable  of 
crystallising  in  all  proportions.    It  is  soluble  in  twice  its  weight  of 
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cold  water,  yielding  a  yellow  solution.  It  has  an  alkaline  reaction 
The  pure  salt  undergoes  decomposition  when  its  solutions  are 
evaporated:  crystals  of  the  dichromate  are  first  deposited;  after! 
wards  when  the  so  ution  begins  to  contain  more  L  alkdi,  the 
normal  salt  crystalhses  out.  Acids,  even  carbonic,  decompose 
It  wxth  formation  of  dichromate.  On  heating,  it  tu;ns  red  Tnd 
fuses  a  a  high  temperature  without  decomposition,  recoverino  its 
original  colour  on  cooling,  ^ 

Dipotassic  dichromate  A  0     -     .-(For  the  mode  of  prepara- 

LCrOgKo 

tion,  see  p.  733.)  This  salt  crystallises  in  large  garnet-red  trichnic 
prisms  or  tabular  crystals.  It  is  soluble  in  10  parts  of  water  at 
ordinary  temperatures,  more  readily  soluble  in  boiling  water  The 
solution  has  an  acid  reaction.  The  salt  fuses  below  a  red  heat 
without  decomposition,  but  at  a  white  heat  is  decomposed  into 
normal  chromate,  chromic  oxide  and  oxygen.  When  heated  with 
concentrated  sulphuric  acid  it  evolves  oxygen  and  yields  a  green 
solution  which,  after  dilution  witli  water,  deposits  on  standing 
crystals  of  chrome  alum.  It  is  a  ^dolent  poison.— Dipotassic 
dichromate  is  the  starting  point  in  the  preparation  of  the  other 
chromium  compounds.  It  is  employed  as  a  laboratory  reagent,  as 
an  oxidising  agent,  in  dyeing  and  calico-printing,  and  in  the  process 
of  producing  permanent  carbon  photographs. 

rCrOaKo 

I  ^ 

Dipotassic  trichromate,  -{  CrOg     ,  and  Dipotassic  tetrachromate 

0 

LCrO^Ko 

Cr40jiKo2,  are  deposited  from  solutions  of  the  foregoing  salt  in 
nitric  acid.  They  form  deep-red  crystals,  which  are  decomposed 
by  water  into  dichromate  and  chromic  anhydride. 

Sodic  chromate,  CrOaNaoo,  is  obtained  when  a  solution  of  potassic  chromate 
with  an  excess  of  caustic  soda  is  evaporated  at  0°.  It  crystallises  at  low  tempera- 
tures in  large  yellow  transparent  deliquescent  prisms  of  the  formula 

CrOsNaoslOOHo, 

isomorphous  with  crystallised  sodic  sulphate,  from  warm  solutions  in  anhydrous 
crystals.  —Disodic  dichromate,  Cr206Nao2,20Ho,  forms  deliquescent  red  prisms. 

Ammonic  chromate,  Cr02(N'*'H40)2,  and  cUammonic  dichromate, 
Cr205(N  ^1140)2,  are  obtained  by  adding  the  requisite  quantity  of 
ammonia  to  an  aqueous  solution  of  chromic  anhydride.  They 
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resemble  in  almost  every  respect  the  corresponding  potash  salts. 
When  heated  they  are  decomposed  into  nitrogen,  water,  and 
chromic  oxide — the  normal  salt  also  evolving  ammonia.  In  the 
case  of  the  dichromate,  this  decomposition  is  attended  with  in- 
candescence, and  the  chromic  oxide  swells  up  to  a  bulky  mass 
resembling  green  tea  in  appearance. 

Baric  chromate,  CrOjBao",  is  obtained  as  a  yellow  crystalline 
precipitate  when  the  solution  of  a  chromate  or  dichromate  is  added 
to  the  solution  of  a  barium  salt.  It  is  insoluble  in  water  and  in 
acetic  acid,  soluble  in  hydrochloric  and  in  nitric  acid.  It  also  dis- 
solves in  a  hot  aqueous  solution  of  chromic  anhydride,  and  the 
liquid  deposits  on  cooling  red  crystals  of  haric  dichromate, 
Cr205Bao",20H2.  These  are  decomposed  by  water  into  chromic 
anhydride  and  normal  chromate. — Baric  chromate  constitutes  the 
pigment  yellow  ultramarine. 

Strontio  chromate,  CrOjSro",  closely  resembles  tlie  barium  salt,  but  is  much, 
more  readily  soluble  in  water  and  in  acetic  acid. 

Calcic  chromate,  Cr02Cao",20H2,  is  obtained  in  large  yellow  prismatic  crystals 
by  digesting  marble  with  a  solution  of  ckromic  anhydride  and  evaporating  the  liquid 
over  sulphuric  acid. 

Magnesic  chromate,  Cr02Mgo",70Il2,  forms  soluble  lemon-yellow  rhombic  crys- 
tals, and  is  isomorphous  with  magnesic  sulphate. 


Dipotassic  magnesic  chromate,  <.  Mgo"    ,20H2,  is  deposited  in  yellow  tabular 


Zincic  chromates. — The  normal  salt  is  not  known,  but  various  basic  chromates  of 
zinc  have  been  prepared.  Diziucic  chromate  dihydrate,  Cr02(OZn"IIo)2,OH2)  is 
obtained  as  a  yellow  precipitate  when  normal  potassic  chromate  is  added  to  a  solu- 
tion of  an  excess  of  zincic  sulphate. 


Plumbic  chromate,  CrOaPbo",  occurs  native  as  crocoisite  in 
red  monocKnic  crystals.  The  same  substance  is  obtained  as  a 
bright  yellow  precipitate  when  potassic  chromate  or  dichromate  is 
added  to  the  solution  of  a  lead  salt.  This  precipitate  is  employed 
as  a  pigment  under  the  name  of  chrome  yellow.  It  is  insoluble  in 
water  and  acetic  acid,  but  soluble  in  nitric  acid  and  in  caustic 
potash.  When  heated  it  fuses  without  decomposition,  and  solidifies 
to  a  crystalline  mass.  Organic  compounds,  when  heated  with  it, 
undergo  complete  oxidation :  it  is  therefore  employed  in  the  ulti- 
mate analysis  of  such  compounds,  particularly  of  those  which  con- 
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tarn  sulpllur  and  chlorine  or  the  metals  of  the  alkalies  and  alkaline 
earths.— Chrome  yellow  is  employed  in  calico-printing.  The  cloth 
is  first  mordanted  with  the  solution  of  a  lead  salt.  On  afterwards 
immersnig  it  in  a  solution  of  potassic  chromate,  the  chrome  yellow 
IS  developed  on  the  fibre  of  the  mordanted  ^2ctt^.—DipluviUc 
diromate,  CrOPho"^,  a  basic  salt,  constitutes  the  chrome  red  of 
commerce.  It  is  formed  as  a  red  powder  by  boding  chrome  yellow 
with  normal  potassic  chromate,  or  by  digesting  it  with  cold  caustic 
soda.  It  IS  also  obtained  as  a  vermilion-coloured  crystalline 
powder  by  fusing  chrome  yellow  with  nitre.  Chrome  orange  is  a 
mixture  of  chrome  red  and  chrome  yellow.  It  is  prepared  by  pre- 
cipitating the  solution  of  a  lead  salt  with  a  weak  alkaline  solution 
of  potassic  chromate. 

Argentic  chromate,  Cr02AgOg,  is  formed  as  a  red  crystalline 
precipitate  when  a  dilute  solution  of  normal  potassic  chromate  is 
added  to  a  concentrated  solution  of  argentic  nitrate.  It  may  be 
obtained  in  dark-green  crystals  by  boiling  diargentic  dichromate 
with  water,  or  by  allowing  a  solution  of  the  dichromate  in  ammonia 
to  evaporate.  The  green  crystals  yield  a  red  powder.  It  is  in- 
soluble in  water,  but  dissolves  in  nitric  acid,  in  ammonia,  and  in 
solutions  of  the  alkaline  chromates. — Diargentic  dichromate, 

is  obtaiued  as  a  scarlet  precipitate  when  a  solution  of  potassic 
dichromate  is  gradually  added  to  a  solution  of  argentic  nitrate. 
When  hot  dilute  solutions  are  employed  the  salt  gradually  sepa- 
rates in  red  triclinic  crystals. 

Mercuric  cTiA-omate,  CrOaHgo". — The  normal  salt  is  obtained  in  garnet-red 
rhombic  prisms  by  boiling  mercuric  oxide  with  a  solution  of  chromic  anhydride. 
Excess  of  water  decomposes  it  with  separation  of  the  red  amorphous  basic  salt, 
trimercuric  chromate,  CrHgo"3, — a  decomposition  wliich  exactly  corresponds  with 
tihat  which  occurs  when  normal  mercuric  sulphate  is  treated  with  water  (p.  607). 
Potassic  chromate  produces  in  solutions  of  mercuric  and  mercurous  salts  precipitates 
of  basic  chromates  of  mercury. 

COMPOUNDS  OF  CHROMIUM  WITH  OXYGEN  AND 

CHLORINE. 

Chromic  oxydichloride  {Chromylic  chloride,  Cr02Cl2). 
Molecular  volume  I  I  I — This  compound  may  be  theoretically  de- 
jived  from  chromic  acid  by  the  substitution  of  chlorine  for 
hydroxy!  It  may  therefore  be  regarded  as  the  chloride  of  the 
acid  radical  chromyl  (CrOg)",  and  bears  the  same  relation  to 
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chromic  acid  that  sulphurylic  chloride,  SO2CI2,  does  to  sul- 
phuric acid.  In  order  to  prepare  this  compound,  a  fused  mixture 
of  10  parts  of  common  salt  and  12  parts  of  dipotassic  dichromate  is 
broken  into  small  pieces  and  introduced  into  a  retort,  after  which 
30  parts  of  faintly  fuming  sulphuric  acid  are  introduced.  The 
reaction  begins  of  its  own  accord.  The  dark  reddish-brown 
vapours  are  condensed  in  a  cooled  receiver.  In  order  to  free  the 
product  from  dissolved  chlorine,  it  must  be  repeatedly  rectified  in 
a  current  of  dry  carbonic  anhydride.  The  same  compound  is 
formed  when  a  dry  mixture  of  chromic  anhydride  and  ferric  chlo- 
ride is  distilled. — Chromic  oxydichloride  is  a  mobile  liquid,  which 
appears  almost  black  by  reflected  light,  but  exhibits  a  blood-red 
colour  by  transmitted  light.  It  boils  at  118°.  It  possesses  a 
specific  gravity  of  1-92  at  25°  In  contact  with  moist  air  it  fumes 
strongly,  and  when  dropped  into  water  is  decomposed  with  violent 
ebullition,  yielding  chromic  and  hydrochloric  acids.  It  has  a  most 
energetic  action  upon  oxidisable  substances:  thus  it  acts  upon 
phosphorus  with  explosive  violence,  whilst  sulphur,  sulphuretted 
liydrogen,  ammonia,  and  many  organic  bodies,  such  as  alcohol, 
inflame  when  brought  in  contact  with  it. 

Chromic  oxychlorhydrate  (Chromylic  chlorhydrate,  Chlorochromic 
acid),  Cr02ClHo,  a  compound  corresponding  with  sulphuric 
oxychlorhydrate  (SOjClHo),  has,  like  chromic  acid  itself,  not 
been  isolated.  The  non-existence  of  this  compound  is  a  further 
instance  of  the  inability  of  the  semimolecule  of  hydroxyl  to  attach 
itself  to  tlie  radical  chromyl  (see  p.  736).  Salts  of  chromic 
oxychlorhydrate,  known  as  chUrochromates,  have,  however,  been 
prepared.  Potassic  cMoroclwomate  is  obtained  by  gently  warming 
3  parts  of  dipotassic  dichromate  with  4  parts  of  concentrated 
hydrochloric  acid  and  a  little  water : — 

CrO^Ko 

0  +    2HC1    =    2CrO„ClKo    +  Om. 

_CrO,^Ko  ^ 

Dipotassic         Hydrochloric  Potassic  "Water, 

dichromate.  acid.  chlorochromate. 

It  crystallises  in  large  red  prisms  or  tables  having  a  specific  gravity 
of  2-497.  An  excess  of  pure  water  decomposes  it  into  potassic 
chloride  and  chromic  anhydride ;  but  it  may  be  recrystallised  from 
dilute  hydrochloric  acid.    When  heated  to  100°  it  evolves  chlc- 
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COMPOUND  OF  CHROMIUM  WITH  SULPHUR. 
r  CrS" 

Chromic  sulphide,  |  crS"^"»  obtained  by  the  direct  union  of  its  elements 
under  the  influence  of  heat.  It  is  also  formed  when  chromic  oxide  is  heated  to 
whiteness,  in  the  vapour  of  carbonic  disulphide,  or  when  chromic  chloride  is  heated 
in  a  current.of  sulphuretted  hydrogen.— Chromic  sulphide  is  a  grey-black  powder 
with  a  metallic  lustre.  It  possesses  a  specific  gravity  of  3'77.  Concentrated  nitric 
acid  is  without  action  upon  it.  When  heated  in  air  it  is  converted  into  chromic 
oxide. — Sulphuretted  hydrogen  produces  no  precipitate  in  solutions  of  chromic 
salts,  and  alkaline  sulphides  precipitate  chromic  hydrate  with  liberation  of  sulphu- 
retted hydrogen. 

COMPOUND  OF  CHROMIUM  WITH  NITROGJSN. 
f  CrN'" 

•  C  Jiromio  nitride,  -j  q^-^,„,  is  formed  by  the  direct  union  of  its  elements  when 

Jiitrogen  is  passed  over  metallic  chromium  at  a  red  heat ;  also  by  the  action  of 
gaseous  ammonia  upon  heated  chromic  chloride.  It  forms  a  heavy  black  powder 
which  inflames  when  heated  to  200°  in  contact  with  nir.  Heated  with  exclusion  of 
air  to  a  teniperatuie  higher  than  that  at  which  it  is  formed,  it  is  decomposed  into 
its  elements.  Chlorine  is  without  action  upon  it  at  ordinary  temperatures,  but 
when  the  substance  is  heated  in  a  citrrent  of  chlorine  it  is  converted  with  a  series  of 
slight  explosions  into  chromic  chloride  and  free  nitrogen.  The  explosions  are  due 
to  the  formation  and  immediate  decomposition  of  nitrous  chloride.  It  may  be 
ignited  without  change  in  hydrogen  and  in  steam.  It  is  not  attacked  by  hydro- 
chloric or  nitric  acid,  or  by  aqueous  caustic  potash.  Concentrated  sulphuric  acid 
dissolves  it,  yielding  a  green  liquid  which,  when  diluted  with  water  and  allowed  to 
stand,  depofcits  crystals  of  ammonia  chrome  alum  : — 

SO.tN'H.iO)— , 

{crN-     ^    ^^0^^°^    =     sS  {'Or^\O.V- 

S02(N''H40 — > 

General  Properties  and  Eeactions  of  the  Compounds  of 
Chromium. — a.  Chromous  compounds. — These  are  of  subordinate 
importance.  Tliey  are  distinguislied  by  their  powerful  reducing 
properties.  They  rapidly  absorb  oxygen  from  the  air,  and  are  thus 
converted  into  chromic  compounds. 

b.  Chromic  salts. — These  are  derived  from  chromic  oxide.  Their 
solutions  are  violet-coloured  or  green;  they  have  a  sweetish 
astringent  taste,  an  acid  reaction  towards  litmus,  and  are  poisonous. 
Ammonia  produces  a  bulky  precipitate  of  chromic  hydrate,  Avhicli 
is  slightly  soluble  in  a  large  excess  of  ammonia,  yielding  a  peach- 
coloured  solution.  Caustic  alkalies  precipitate  green  chromic 
hydrate,  soluble  in  an  excess  of  an  alkali  in  the  cold,  but  precipi- 
tated on  boiling.  Sulphuretted  hydrogen  gives  no  precipitate ; 
ammonic  sulphide  precipitates  chromic  hydrate  with  evolution  ot 
sulphuretted  hydrogen.    When  a  chromium  compound  is  fused 
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witli  a  mixture  of  sodic  cavbouate  and  nitre,  an  alkaline  cliromate 
is  formed  which  dissolves  in  water,  yielding  a  yellow  solution. 
.  c.  Chromates. — The  soluble  cliromates  yield  with  lead  salts  a 
yellow  precipitate  of  plumbic  chromate,  with  arrjcntic  nitrate,  red 
argentic  chromate.  When  heated  with  concentrated  hydrochloric 
add  they  evolve  chlorine,  and  the  colour  of  the  liquid  changes  to 
green.  Sulphuretted  hydrogen  reduces  the  chromates  in  acid  solu- 
tion to  chromic  salts  with  separation  of  sulphur;  alcohol  and 
mlphurous  acid  effect  the  same  reduction. 

Chromium  compounds  yield,  with  borax  and  with  microcosmic 
salt,  beads  which  are  emerald -green,  both  in  the  oxidising  and  in 
the  reducing  flame.  Chromium  compounds  do  not  colour  flame, 
but  yield  a  characteristic  spark-spectrum  containing  bright  lines 
in  the  green  and  in  the  blue. 


MANGANESE,  Mn. 

Atomic  weight  =  55.  Moleciolar  weight  unknown.  Sp.  gr.  7-99. 
Atomicity  ",  ^\  and  possibly  ^'i" ;  also  a  pseudo-triad  and  a 
pseudo-heptad.    Evidence  of  atomicity : — 

Manganous  chloride   ' . .  Mn"Cl2. 

Manganic  peroxide   Mn'^Og. 

Potassic  manganate   Mn''^02Ko2. 

Potassic  permauganate  ....  j^^^viiQ^f 

History. — The  black  oxide  of  manganese  was  known  to  the 
ancients,  who  were  acquainted  with  its  use  in  removing  impurities 
from  glass.    They  confounded  it,  however,  with  magnetic  oxide  of 


iron. 


Occurrence. — Manganese  is  widely  distributed  in  nature.  It  is 
never  found  native.  The  chief  ores  of  manganese  are  the  oxides, 
and  of  these  the  most  important  is  manganic  peroxicle  or  pyrohisite, 
MnO.^.    Others  are  dimanganic  trioxide  or  hraunite,  'Mn203  : 

manganous  dimanganic  tetroxide  or  haussmannite,  'j^^^QMno". 

It  also  occurs  as  manganous  sulphide  in  manganese  hknde,  MnS" 
and  as  manganous  carbonate,  COMuo",  in  manganese  spar.  It  is 
present  in  small  quantity  in  a  number  of  other  minerals,  particur 
larly  silicates,  so  that  in  almost  all  rocks  and  soils  traces  of  man- 
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ganese  are  to  be  found.  It  occurs  in  minute  quantities  in  the 
bodies  of  plants  and  animals. 

Preparation.— M^ng^ne^Q  cannot  be  reduced  from  its  oxides  by 
means  of  hydrogen  ;  but  the  reduction  may  be  effected  by  heatincr 
the  oxide  with  carbon  to  intense  whiteness.  A  mixture  of  10  parts 
of  manganous  dimanganic  tetroxide,  Mn,02Mno"  (obtained  by  the 
ignition  of  the  native  peroxide),  with  1  part  of  charcoal  and  1  part 
of  anhydrous  Iwrax,  is  heated  to  whiteness  in  a  carbon  crucible. 
The  regulus  of  manganese  thus  obtained  contains  carbon,  together 
with  silicon  derived  from  the  ash  of  the  charcoal.  Pure°man- 
ganese  may  be  obtained  by  heating  manganous  manganic  oxide 
(prepared  from  the  artificial  dioxide)  in  a  lime  crucible  with  a 
quantity  of  carbonised  sugar  insufficient  for  its  total  reduction: 
The  Kme  crucible  is  placed  inside  a  Hessian  crucible,  the  inter- 
vening space  is  filled  with  charcoal,  and  the  whole  is  heated  in  a 
wind-furnace. 

Pra^erCies.— Manganese  is  a  greyish-white  metal  with  a  reddish 
tinge.  It  is  very  hard  and  brittle.  It  fuses  at  a  white  heat.  It 
oxidises  rapidly  in  moist  air,  and  must  therefore  be  preserved  under 
rock-oil.  Manganese  is  rapidly  dissolved  by  dilute  acids,  and  the 
finely  divided  metal  decomposes  water  with  evolution  of  hydrogen 
when  gently  warmed  with  it. 

COMPOUNDS  OF  MANGANESE  WITH  THE  HALOGENS. 

Manganous  chloride,  MnCl2.— The  anhydrous  chloride  is 
formed  when  the  metal  is  burnt  in  chlorine,  or  when  any  of  the 
oxides  or  the  carbonate  is  heated  in  a  current  of  dry  hydrochloric 
acid.  The  residues  from  the  preparation  of  chlorine  by  the  action 
of  hydrochloric  acid  upon  manganic  peroxide  may  be  employed  as 
a  source  of  manganous  chloride.  This  solution  contains  manganous 
chloride  contaminated  with  ferric  chloride,  and  sometimes  with  the 
chlorides  of  copper,  barium,  and  calcium,  together  with  an  excess 
of  hydrochloric  acid.  The  solution  is  evaporated  to  expel  the  acid, 
diluted,  and  about  an  eighth  of  the  solution  precipitated  with  sodic 
carbonate.  The  precipitate,  consisting  of  manganous  carbonate  and 
ferric  hydrate,  is  well  washed,  added  to  the  rest  of  the  solution, 
and  boiled  with  it.  In  this  way  the  iron  is  precipitated  by  the 
manganous  carbonate,  whilst  an  equivalent  quantity  of  manganese 
goes  into  solution  as  chloride : — 
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SCOMuo"    +    3OH2  .=    'Pe.Hog  + 

Manganous  Water.  Ferric 

carbonate.  hydrate. 

3MnCl2    +  3C0.. 

Manganous  Carbonic 
chloride.  anhydride. 

Tlie  complete  precipitation  of  the  iron  is  ascertained  by  filtering 
a  sample  of  the  liquid  and  testing  with  potassic  ferrocyanide. 
Should  copper  be  present  it  is  best  removed  with  sulphuretted 
hydrogen.  Calcium  and  barium  are  got  rid  of  by  precipitating  the 
manganese  with  ammonic  sulphide,  washing  the  precipitate,  and 
redissolving  in  hydrochloric,  acid.  The  concentrated  solution 
deposits  pink-coloured  monoclinic  tabular  crystals  of  the  aquate, 
MnClg.^OHg,  which  on  heating  are  decamposed  with  evolution  of 
hydrochloric  acid.  If,  however,  a  solution  of  this  compound  be 
mixed  with  ammonic  chloride,  pink  regular  crystals  of  the  double 
cliloride,  MnCl2,2NH4Cl,OH2,  are  deposited,  from  which,  by 
careful  heating,  the  water  ,  of  crystallisation  may  be  expelled 
without  further  decomposition  of  the  salt;  and  the  anhydrous 
double  chloride,  when  heated  to  a  higher  temperature,  parts  with 
ammonic  chloride,  letiving  anhydrous  manganous  chloride.  The 
anhydrous  cliloride  forms  a  pink,  micaceous,  easily  fusible  mass, 
which  is  gradually  decomposed  by  exposure  to  moist  air. 

The  otiier  chlorides  of  manganese — manganic  percJdoricle,  MnCl4,  and  diman- 
ganic  hexachloride,  'MnjClg — are  known  only  in  solution.  When  the  corresponding 
oxides — manganic  peroxide,  MnOj,  and  dimanganic  trioxide,  'MnaOg — are  dissolTcd 
in  cold  hydrochloric  acid,  these  chloi-ides  are  formed  ;  but  on  heating  they  are 
decomposed  with  evolution  of  chlorine,  and  the  solutions  contain  manganous 
chloride. 

Manganous  bromide,  MnBro,  is  obtained  like  the  chloride,  which  it  closely 
resembles  in  properties.    It  ajso  forms  an  aquate,  ]yrnBr2,40H2. 
Manganous  iodide,  Mnlj,  is  a  white  deliquescent  mass. 

Manganous  fluoride,  MnFj,  is  obtained  by  dissolving  manganous  carbonate  in 
hydrofluoric  acid.  It  forms  pale-red  crystals,  insoluble  in  pure  water,  soluble  in 
aiueous  hydrofluoric  acid. 

Manganic  perfluorl.de,  MnF4,  is  knon  n  only  in  solution.  It  is  formed  when 
manganic  peroxide  is  dissolved  in  concentrated  hydrofluoric  acid.  Water  precipi- 
tates from  the  solution  manganic  peroxide,  but  on  t)ie  addition  of  potassic  fluoride 
a  rose-red  precipitate  of  the  double  fluoride,  MnF4,2KP,  is  formed. 

COMPOUNDS  OF  MANGANESE  WITH  OXYGEN 

Manganese  forms  a  large  number  of  oxides,  some  of  which  are 
of  great  complexity.  The  following  are  the  most  important  and 
best  characterised  : — ■ 


'Fe^Clg  + 

Ferrie 
chloride. 
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Manganous  oxide    MnO. 


0-Mn-O 


Manganous  dimanganic /MnO,,    „     ^      I  I 
tetroxide  .  \MnO^^°  '    0=Mn  Mn=0. 

0  0 
MnMno"^.    Mn(  \Mn^  ^Mn 

^0^  -0-^ 

Dimanganic  trioxide  . .     MnOMno".  '0=Mn<C*^\Mn 

iMnO^-        ^  . 

0=Mn— Mn=0. 
Manganic  peroxide   MnOa-  0=Mn=.0. 

0  0 

Permanganic  anhydride |JJ^!^30.        oJn— Mn=0. 

0     0  0 

Manganous  oxide,  MnO,  is  formed  when  the  carbonate  or  any 
of  the  higher  oxides  is  heated  in  a  current  of  hydrogen.  It  may 
be  prepared  by  fusing  anhydrous  manganous  chloride  with  sodic 
carbonate  to  which  a  little  ammonic  chloride  has  been  added.  It 
is  a  greyish-green  powder,  which,  if  it  has  been  prepared  at  a  low 
temperature,  absorbs  oxygen  from  the  air  and  turns  brown,  but  if 
it  has  been  more  strongly  heated  is  permanent  in  air  at  ordinary 
temperatures.  When  heated  to  whiteness  with  exclusion  of  air,  it 
fuses  without  loss  of  oxygen  ;  if  air  be  admitted,  it  is  converted  on 
heating  into  manganous  dimanganic  tetroxide.  It  cannot  be 
reduced  to  metal  by  heating  in  a  current  of  hydrogen.  By  heating 
in  a  current  of  hydrogen  containing  a  trace  of  hydrochloric  acid,  it 
is  obtained  in  the  form  of  small  green  transparent  octahedra  with 
an  adamantine  lustre.  Manganous  oxide  is  the  chief  salifiable 
oxide  of  manganese. 

Manganous  hydrate,  MnHo^,  is  obtained  as  a  wliite  precipi- 
tate when  a  caustic  alkali  is  added  to  the  solution  of  a  manganous 
salt  from  which  the  air  has  been  previously  expelled  by  boiling. 
Wlien  exposed  to  the  air  it  speedily  turns  brown  from  oxidation. 
It  dissolves  in  solutions  of  ammonia  salts. 

Manganous  dimanganic  tetroxide  {Divianganous  manganite) 
'MnjOgMno",  or  MnMno"^.  occurs  as  hausmamiitc  in  brownisli- 
black  acute  quadratic  pyramids.    This  compound  represents  tlie 
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most  stable  stage  of  oxidation  of  manganese:  thus  when  the  higher 
oxides  are  intensely  heated,  they  evolve  oxygen  and  are  reduced  to 
this  stage,  whilst,  on  the  other  hand,  when  manganous  oxide  fir 
manganous  carbonate  is  heated  in  air,  oxygen  is  absorbed  and  the 
same  compound  is  produced.  The  artificial  oxide  is  a  reddish- 
brown  powder  which,  by  gentle  heating  in  a  slow  current  of  hydro- 
chloric acid,  is  converted  into  crystals  identical  with  those  of  the 
natural  compound.  Warm  aqueous  hydrochloric  acid  dissolves  it 
with  evolution  of  chlorine  and  formation  of  manganous  chloride : — 

MnMno'a    +    8HC1    =    3MnCl2    +    Cl^    +.  40^^ 

DiiTianganous        Hydrochloric        Manganous  Water, 
mangauite.  acid.  chloride. 

Dilute  oxy-acids — sulphuric  or  nitric — dissolve  two-thirds  of  the 
manganese  to  form  a  manganous  salt,  whilst  one-third  remains  as 
manganic  peroxide : — 

MiiMno"2  -f  4NO2H0  =  21H^O^Mno"  +  MnO^  -1-  2OH2. 

])imangatiou8        Nitric  acid.  Manganous  Manganic  Water, 

mangauite.  nitrate.  peroxide. 

There  are  no  salts  corresponding  to  this  oxide.  Its  reactions  are 
most  readily  accounted  for  on  the  assumption  that  it  is  a  diman- 
g.anous  manganite,  as  formulated  in  the  two  foregoing  equations. 

DiMANGANic  TP.ioxiDE,  MllOMno"  (or  'MrijjOg). — This  com- 
pound occurs  as  the  mineral  braunite  in  brownish-black  lustrous 
quadratic  pyramids.  It  may  be  obtained  as  a  black  powder  by 
heating  any  of  the  other  oxides  of  manganese  in  oxygen. — A 
divianganic  dioxycUhydrate,  MnHOgMno"  (or  'Mn202Ho2)  occurs  as 
manganite  in  dark-grey  rhombic  crystals.  The  same  compound  is 
formed  by  the  spontaneous  oxidation  of  moist  manganous  hydrate 
in  air. 

Tlie  constitution  of  the  above  oxide  and  hydrate  cannot  be  fixed 
with  certainty.  On  the  one  hand,  they  both  yield,  with  hot  nitric 
acid,  manganous  nitrate  with  separation  of  manganic  peroxide : — 

Mn203   +    2NO2H0  =  NjO^Mno"    +    MnO^    +  OH^. 

Dimanganic  Nitric  Manganous  Manganic  Water, 

trioxide,  acid.  nitrate.  peroxide. 

Tliis  reaction  would  be  best  accounted  for  by  the  first  of  the 
alternative  formulae  above  given,  in  which  one  atom  of  manganese  is 
in  the  dyadic,  the  other  in  the  tetradic  condition.  On  the  other  hand, 
diminganic  trioxide  occasionally  acts  as  a  basic  oxide — in  the 
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i'ormation  of  cliinangauic  hexacliloride,  for  example— yieldin<r  saltf? 
11.1  Avluch  tlie  manganese  is  apparently  a  pseudo-triad  °  This 
l)C?havi.our  would  be  better  explained  by  the  formula  'Mn  0 

]\lANGANic  PEROXIDE  {Manganic  dioxide,  black  oxide  of  manga- 
nese)  MnO^.— This  is,  as  regards  its  usefulness,  by  far  the  most 
important  of  the  ores  of  manganese.  It  occurs  in  large  quantities 
as  mjrohmte—^oinQtimQ^  in  black  or  dark-gi-ey  rhombic  prisms 
more  generally  m  fibrous  or  amorphous  masses.  It  may  be  obtained 
artificially  by  carefuUy  igniting  manganous  nitrate  :— 

N^O.Mno"    =    MnO^    +  'N,0,. 

Manganous  Manganic  Nilric 

nitrate.  peroxide.  peroxide. 

'J'he  ignited  mass  is  extracted  with  boiling  nitric  acid,  and  the 
undissolved  residue  of  manganic  peroxide  well  washed  and  then 
moderately  heated.  It  is  also  formed  by  the  action  of  nitric  acid  upon 
manganous  dimanganic  tetroxide  or  dimauganic  trioxide  (p.  743). 
The  same  oxide  is  obtained  in  a  hydrated  state  when  a  man- 
ganous salt  is  precipitated  with  an  alkaline  solution  of  a  hypochlo- 
rite.   When  heated  to  low  redness,  manganic  peroxide  parts  with 
one  quarter  of  its  oxygen,  yielding  dimanganic  trioxide  ;  at  bright 
redness  it  parts  with  one-third  of  its  oxygen,  and  is  com^erted  into 
manganous  dimanganic  tetroxide.    It  dissolves  in  cold  hydrochloric 
acid  with  formation  of  manganic  perchloride;  on  heating,  chlorine 
is  evolved  and  manganous  chloride  remains  in  solution.  Mtric 
acid  and  dilute  sulphuric  acid  are  without  action  upon  it ;  concen- 
trated sulphuric  acid  dissolves  it  on  heating  with  evolution  of 
oxygen  and  formation  of  manganous  sulphate.    In  presence  of 
oxalic  acid  and  other  oxidisable  substances  it  dissolves  in  dilute 
acids  in  the  cold. — Manganic  peroxide  forms,  with  basic  oxides, 
compounds  which  may  be  regarded  as  salts  of  a  onanganous 
acid   of  the  formula   Mn50gHo2.     Dipotasdc  pentanianganitc, 
MngOgKo2  is  a  yellow  powder  which  separates  out  when  carbonic 
anhydride  is  passed  into  a  solution  of  jiotassic  manganate  : — 

15Mn02Ko2    +    I8CO2    +    9OH2    =    MngOglCo^  -t- 

Potassic  Carbonic  Water.  Dipotassic 

manganate.  .  anhydride.  ■  ■  pentamanganite. 

5'Mn206Ko2    -f  I8COH0K0. 

Potassic  Hjdric  potassie 

permanganate.  carbonate. 

Manganic  peroxide  is  used  in  tlie  production  of  colourless  glaSs 
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(p.  540).  It  also  serves  as  a  cheap  source  of  oxygen,  when  this 
.i^as  is  required  in  large  quantities;  but  its  cliief  employment  is 
in  the  preparation  of  chlorine  for  the  manufacture  of  bleaching- 
powder. 

Regeneration  of  Manganic  Peroxide.  Weldons  Process. — For- 
merly tlie  residues  of  manganous  chloride  obtained  in  the  manu- 
facture of  chlorine  were  allowed  to  run  to  waste.  At  the  present 
day,  by  means  of  a  process  devised  by  Weldon,  the  greater  part  of 
the  manganese  is  reconverted  into  manganic  peroxide  and  recovered 
in  this  form.  For  this  purpose  the  chlorine  residues  (see  Prepara-; 
tion  of  Chlorine,  p.  147),  which  contain,  along  with  manganous 
chloride,  ferric  chloride  and  other  impurities,  are  first  treated  with 
calcic  carbonate  in  order  to  neutralise  the  excess  of  acid  and  to 
precipitate  the  iron.  To  the  clear  solution  of  manganous  cliloride 
and  calcic  chloride  thus  obtained  milk  of  lime  is  added  in  the 
proportion  of  1^  molecules  of  calcic  hydrate  to  eiach  molecule  of 
manganous  chloride.  The  mixture  of  manganous  hydrate,  calcic 
hydrate  and  calcic  chloride  is  then  heated  by  means  of  a  current  of 
steam  to  a  temperature  of  from  55°  to  75°,  after  which  air  is  blown 
through  the  liquid.  Manganous  hydrate  alone  is  oxidised  only  to 
hydrated  dimanganic  trioxide,  but  in  presence  of  excess  of  lime  a 
rapid  oxidation  of  the  manganous  hydrate  to  manganic  peroxide 
occurs.  The  manganic  peroxide  is  obtained  in  combination  with 
calcic  oxide,  as  calcic  manganite,  MnOCao",  and  it  is  upon  the 
formation  of  this  compound  that  the  greater  readiness  of  oxidation 
depends.  The  oxidation  is  continued  until  about  three-fourths  of 
the  manganese  has  been  converted  into  peroxide.  About  2  cubic 
metres  of  air  are  blown  in  for  every  pound  of  manganic  peroxide 
regenerated,  and  the  time  required  for  the  regeneration  of  a  ton  of 
the  peroxide  is  five  hours.  The  "  manganese-mud  "  is  allowed  to 
settle  and,  after  running  off  the  liquid,  is  pressed  into  a  solid  cake. 
In  this  form  it  is  employed  in  the  preparation  of  chlorine.  It 
usually  contains  about  33  per  cent,  of  manganic  peroxide  in  com- 
bination with  lime. 

Permanganic  anhydride,  ^j^^q^'^- — '^^^^^  compound  is  ob- 
tained by  the  action  of  sulphuric  acid  upon  potassic  permanganate^ 
The  finely  powdered  pure  salt  (the.  absence  of  chlorine  is  especially 
essential,  as,  otherwise,  dangerous  explosions  may  occur,  owing  to 
the  formation  of  oxides  of  chlorine)  is  gradually  added  to  wellr 
cooled  concentrated  sulphuric  acid.    From  the  olive-green  solution 
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tlms  obtained,  reddish-brown  oily  drops  of  the  anhydride  gradually 
separate— the  more  readily  if  the  solution  be  allowed  t^o  absorb 
moisture  from  the  air— and  sink  to  the  bottom.  Permanganic 
anhydride  is  a  very  unstable  compound  :  when  rapidly  heated  it 
decomposes  with  a  violent  explosion.  It  undergoes  slow  decompo- 
sition at  ordinary  temperatures,  evolving  bubbles  of  oxygen  which 
carry  with  them  violet  fumes  of  the  anhydride.  It  is  a  powerful 
oxidising  agent :  when  brought  in  contact  with  paper,  alcohol  or 
other  organic  substances,  it  causes  their  ignition.  It  rapidly 
absorbs  moisture  from  the  air,  and  dissolves  in  water  with  great 
rise  of  temperature,  yielding  a  violet- coloured  solution  of  perman- 
ganic acid,  a  portion  of  the  substance  being  at  the  same  time 
decomposed  by  the  heat  evolved.    The  acid  cannot  be  isolated. 


OXY-SALTS  OF  MANGANESE, 
a.  Manganous  Salts. 

Manganous  nitrate,  No04Mno",60H2,  is  prepared  by  dissolving  the  carbonate  in 
nitric  acid.  It  is  difficultly  crystallisable  and  very  deliquescent.  When  heated  it 
fuses,  and  is  converted  into  manganic  peroxide, 

Manganous  carhonate,  COMno",  occurs  native  as  manganese  spar 
in  pink  hexagonal  crystals.  The  native  compound  generally  con- 
tains iron,  calcium,  and  magnesium.  It  is  precipitated  as  a  white 
powder  when  an  alkaline  carbonate  is  added  to  the  solution  of  a 
manganous  salt.  When  exposed  to  the  air  in  a  moist  state  it 
speedily  becomes  brown  from  oxidation. 

Manganous  sulphate,  SOjMno". — Commercial  black  oxide 
of  manganese  is  made  into  a  paste  with  concentrated  sulplmric 
acid,  and  the  mixture  is  heated  in  a  crucible,  first  gently,  and 
afterwards  to  redness,  in  order  to  convert  the  ferric  sulphate  into 
insoluble  ferric  oxide.  The  mass  is  lixiviated,  and  the  solution  is 
digested  with  a  small  quantity  of  manganous  carbonate,  in  order  to 
precipitate  the  last  traces  of  iron.  At  a  temperature  below  6°  pink 
rhombic  crystals  of  the  formula  SOHo2Mnp",60H2,  isomorphous 
with  ferrous  sulphate,  are  deposited.  From  7°  to  20°  triclinic 
crystals  of  the  formula  SOIIo2Mno",40H2,  isomorplious  with 
cupric  sulphate,  are  obtained.  Several  other  aquates  are  known. 
All  these  salts  become  anhydrous  at  200°. — With  the  sulphates  of 
tbe  alkalies  manganous  sulphate  forms  double  salts,  isomorplious 
with  the  corresponding  double  sulphates  of  ihe  othei-  metals  of  the 
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dyadic  group  with  the  alkalies.    Dipotassic  manganous  sulphate, 

rsojco 

<  Mno"    jGOHj,  forms  monoclinic  crystals. 
LSOjKo 

Aluminic  manganoics  tetrasulphate,   <  Mno"('Al'"206)^',240H2- 

SO2— 1 

This  double  sulphate  occurs  as  the  mineral  apjohnite.  It  has  the 
composition  of  an  alum,  and  is  frequently  termed  mangimese 
aluminium  alum,  but  inasmuch  as  it  possesses,  in  common  with 
the  other  salts  in  which  two  atoms  of  a  monad  metal  in  alum  are 
displaced  by  one  atom  of  a  dyad  metal,  a  crystalline  form  differ- 
ing from  that  of  the  ordinary  alums,  many  chemists  refer  it  to  a 
separate  class  — that  of  the  pseudo-alums.  Other  pseudo-alums  are 
known  containing  iron,  zinc,  and  magnesium,  as  dyad  metals. 

{SO 
gQ^Mno^SOHj.  —  Finely  powdered 

manganic  peroxide  is  suspended  in  water,  and  sulpliurous  anhy- 
dride is  passed  into  the  liquid,  avoiding  any  rise  of  temperature. 
The  salt  crystallises  in  pale-red  soluble  rhombohedra.  It  forms 
the  starting-point  for  the  preparation  of  the  other  dithionates. 

Manganous  silicate,  SiOMno",  occurs  native  as  rhodonite  in  brownish-red 
crystals. — Dimanganous  silicate,  SiMno"2,  forms  tlie  mineral  tephroite,  which 
crystallises  in  quadratic  forms. 

1).  Manganic  Salts. 

S03-^ 

Manganic  sidphate  {Dimanganic  trisulphate)  SO3 — ('Mn'"20g)^', 

SO3— ' 

is  obtained  by  the  action  of  sulphuric  acid  upon  hydrated  man- 
ganic peroxide.  It  is  a  green  powder  which  deliquesces  on 
exposure  to  air,  and  is  decomposed  at  160°  with  evolution  of 
oxygen. 

Dipotassic  dimanganic  tetrasulphate  (Manganese  alum), 

SO^Ko-j 

S02K0-1 

is  formed  when  potassic  sulphate  is  added  to  a  solution  of  man- 
ganic sulphate  in  dilute  sulphuric  acid.     It  crystallises  from  very 
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concentrated  solutions  in  violet-coloured  regular  octaliedra  Excess 
of  water  decomposes  it,  manganic  liydrate  being  deposited  With 
ammonic  sulphate  a  corresponding  ammo;im  manganese  alum  is 
obtained. 

THE  MANGANATES. 

Neither  manganic  anhydride,  Mn03,  nor  manganic  acid, 
M11O2H02,  have  been  prepared ;  but  salts  of  this  acid,  called 
vianganates,  are  known.  These  are  isomorphous  with  the  corre- 
sponding sulphates. 

Potassic  manganate,  Mn02Ko2.— When  manganic  peroxide  is 
fused  with  caustic  potash  a  deep-green  mass  is  obtained,  which 
contains  potassic  manganate.  When  the  fusion  is  performed  out 
of  contact  with  air,  the  reaction  takes  place  according  to  the  equa- 
tion— 


oMnO^    +    2KHo    =  MnO^Ko^  +    'Mn^O^    +  OH^; 

Manganic  Potassic  Potassic  Dimanganic  Water, 

peroxide.  hydrate.  manganate.  trioxide. 

but  if  air  be  admitted,  or  if  nitre  or  potassic  chlorate  be  added  to 
the  mixture,  the  whole  of  the  manganic  peroxide  is  converted  into 
manganate.  The  mass  dissolves  without  decomposition  in  a  small 
quantity  of  water,  and  the  dark-green  solution  deposits,  on 
evaporation  in  vacuo,  rhombic  crystals  of  potassic  manganate, 
which,  when  first  prepared,  are  almost  black,  and  display  metallic 
lustre,  but  become  dull  and  green-coloured  by  exposure  to  the  air. 
Potassic  manganate  is  stable  only  in  solutions  which  contain  an 
excess  of  free  caustic  alkali :  when  these  solutions  are  diluted  with 
a  large  quantity  of  water,  the  manganate  is  decomposed  with 
separation  of  manganic  peroxide  and  formation  of  potassic  per- 
manganate : — 


SMnO^Ko^  +  2OH2  =  {^So3Ko   +   ^^^^  + 

Potassic  Water.  Potassic  Manganic  Potassic 

manganate.  permanganate.  peroxide.  hydrate. 

The  colour  of  the  solution  changes  at  the  same  time  from  green  to 
violet.  The  same  decomposition  occurs  when  carbonic  anhydride 
is  passed  into  the  alkaline  solution  of  a  manganate. 

Sodio  manganate,  MnOoNaoj,  is  prepared  in  a  similar  manner  by  fusing  man- 
ganic peroxide  with  sodic  nitrate.  It  is  deposited  from  its  alkaline  solutions  in 
crystals  of  the  foi-mula  MnOaNaoo.lOOHa,  isomorphous  with  Glauber's  salt. 
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BarL-  inanqanate,  MnO,Bao",  is  obtained  by  fusing  manganic  peroxide  with 
baric  nitrate  and  extracting  the  mass  with  water.  It  is  a  green  powder,  insoluble 
iu  water.    Acids  decompose  it. 

PERMANGANIC  ACID  AND  THE  PERMANGANATES. 

Permanganic  acid,     \^^^^q>  is  known  only  in  solution. 

The  solution  is  obtained,  as  already  described  (p.  746),  by  dis- 
solving permanganic  anhydride  in  w^ater,  or,  more  readily,  by 
decomposing  a  solution  of  baric  permanganate  with  the  equiva- 
lent quantity  of  sulphuric  acid.  The  solution  is  deep-red  by 
transmitted  and  blue  by  reflected  light.  When  heated,  or  even 
when  exposed  to  light,  it  evolves  oxygen  with  separation  of 
hydrated  manganic  peroxide. 

POTASSIO  PERMANGANATE,    j^^nO^Ko'"-''-^^®  ^^^^ 

tained  in  the  preparation  of  potassic  manganate  (p.  748)  is  ex- 
tracted with  boiling  water.  In  this  way  the  manganate  is  decom- 
posed with  formation  of  permanganate  (p.  748).  If  an  excess  of 
alkali  is  present  carbonic  anhydride  ought  to  be  passed  into  the 
liquid.  The  precipitate  of  hydrated  manganic  peroxide  is  removed 
by  filtration  through  asbestos  or  glass-wool  (filters  of  paper,  calico, 
or  other  organic  substance  would  be  attacked).  The  clear  liquid, 
when  allowed  to  evaporate,  deposits  crystals  of  potassic  permanga- 
nate. These  are.  isomorplious  with  potassic  perchlorate.  For  this 
reason,  if  potassic  chlorate  has  been  employed  in  the  preparation  of 
the  permanganate,  the  latter  salt  is  apt  to  be  contaminated  with 
perchlorate,  from  which  it  cannot  be  freed  by  crystallisation,  as 
the  two  salts  crystallise  together  in  all  proportions.  Potassic  per- 
manganate forms  large  rhombic  prisms,  which  are  deep-red  by 
transmitted  and  almost  black  by  reflected  light,  with  a  metallic 
lustre.  The  salt  is  soluble  in  16  parts  of  water  at'  ordinary  tem- 
peratures, more  readily  soluble  in  boiling  water,  yielding  a  solution 
of  a  deep  purple  colour.  The  solution  is  a  powerful  oxidising 
agent  and  destroys  most  organic  substances.  A  solution  of  crude 
potassic  permanganate,  or  more  commonly  of  the  sodium  salt,  is 
employed  as  a  disinfectant  under  the  name  of  "  Condy's  Disinfect- 
ing Fluid."  By  exposure  to  the  air  the  solution  of  permanganate 
is  gradually  reduced  by  organic  matter  from  the  atmosphere, 
changing  its  colour  from  purple  to  blue,  and  at  last  to  green. 
Owing  to  these  changes  this  substance  was  formerly  known  as 


750 


INOROANIC  ■•CHEMISTKY. 


mmcral  chameleon.  Boiling  with  concentrated  caustic  alkali  con- 
verts potassic  permanganate  into  manganate  with  evolution  of 
oxygen  : —  "^uuiun  ui 

rMn03Ko  , 

lMn03Ko    +   ^^Ho    =    2Mn02Ko2    +    0    +  qh^, 

Potassic  Potassic  Potassic  w  .  ' 

•  permanganate.  hydrate.  mangauate. 

the  chemical  change  being  accompanied  by  a  change  in  the  colour 
ot  the  liquid  from  purple  to  green.  When  the  dry  salt  is  heated 
to  240  It  evolves  oxygen  and  is  converted  into  a  mixture  of 
manganate  and  manganic  peroxide  :  

/MnO.Ko         ,^  ^ 

lMn03Ko    =    MnO^Ko^    +    MnO,    +  o,. 


I'ot'issic  Potassic  Manganic 

permanganate.  manganate.  peroxide. 

Sodic  permanganate,  {^^2' V^^V^reA  like  the  potassium  salt.  It  is 
inanufactiired  on  a  large  scale  as  a  disinfectant  by  fusing  black  oxide  of  manganese 
with  crude  caustic  soda  in  shallow  iron  vessels. 

Ammonia  permanganate,   {  JJ^QgAmo'  by  decomposing  the  bariflm 

salt  with  ammonic  sulphate.  It  is  isomorphous  with  the  potassium  salt,  which  it 
closely  resembles,  but  is  more  soluble.    It  is  readily  decomposed  on  heating. 

Baric  permanganate,  |  JJ^§-'Bao."— Carbonic  anhydride  is  passed  through 
water  in  which  baric  manganate  is  suspended,  and,  after  filtering  from  the  baric 
carbonate,  the  red  solution  thus  obtained  is  rapidly  evaporated.  It  forms  large 
deep-red  rhombic  crystals,  readily  soluble  in  water. 

Argentic  permanganate,  {  ^nOsAgo'  separates  in  large  red  crystals,  when  warm 

solutions  of  argentic  nitrate  and  potassic  permanganate  are  mixed  and  allowed  to 
stand.    It  is  sjjaringly  soluble  in  cold  water. 

COMPOUND  OF  MANGANESE  WITH  OXYGEN  AND 

CHLORINE. 

Permanganic  hexoxy-dichloride,^^^^^^^^^ — In  order  to  obtain 

this  compound  sodic  chloride  is  added  to  a  solution  of  potassic 
permanganate  in  concentrated  sulphuric  acid.  A  yellow  gas  is 
evolved,  which  condenses  in  a  freezing  mixture,  yielding  a  greenish- 
brown  liquid.  In  contact  with  moist  air  it  emits  red  fumes.  Water 
decomposes  it  with  formation  of  permanganic  and  hydrochloric 
acids ;  but  these  substances  at  once  react  upon  each  other,  yielding 
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clilorine  and  manganic  peroxide.  It  explodes  violently  on  heat- 
ing. 

COMPOUNDS  OF  MANGANESE  WITH  SULPHUR. 

Manganous  sulphide,  MnS",  occurs  native  as  manganese 
blende  in  steel-grey  granular  masses,  and  occasionally  in  black 
cubical  crystals.  The  same  compound  is  obtained  as  a  greenish- 
grey  powder  by  heating  any  of  the  oxides  of  manganese  in  a  current 
of  sulphuretted  hydrogen.  Alkaline  sulphides  produce  in  solutions 
of  manganous'  salts  a  flesh-coloured  amorphous  precipitate  of 
hydrated  manganous  sulphide,  which  is  readily  soluble  in  dilute 
acids,  even  in  acetic,  with  evolution  of  sulphuretted  hydrogen,  and 
when  exposed  to  the  air  becomes  brown  from  oxidation.  By  pro- 
longed contact,  or  by  heating,  with  an  excess  of  the  alkaline  sul- 
phide, the  precipitate  is  transformed  into  a  green  crystalline  powder 
of  the  formula  :3MnS,OH2. — Manganous  sulphide  unites  with  the 
sulphides  of  the  alkali  metals  to  form  double  compounds.  A 
double  sulphide  of  this  description  is  disulpliopotassic  trimangavous 

disulphide,  j^^^g-^^^"- 

Manganic  disulphide,  MiiS"2,  occurs  in  nature  as  the  mineral  hauerite  in  dark 
reddisli-brown  regular  crystals. 

Chaeagteristic  Properties  and  Eeactions  of  the  Com- 
pounds of  Manganese. — The  manganous  salts  are  of  a  pale  rose 
colour.  Caustic  alkalies  precipitate  white  manganous  hydrate, 
which  speedily  oxidises,  and  becomes  brown.  Ammonia  only 
partially  precipitates  the  manganese  as  hydrate ;  in  presence  of  an 
excess  of  ammonic  chloride  ammonia  does  not  produce  any  precipi- 
tate, but  the  solution  on  standing  absorbs  oxygen  from  the  air, 
and  deposits  hydrated  trimanganic  tetroxide.  Alkaline  ca.r'bonatcs 
precipitate  basic  manganous  carbonate ;  haric  carhonate  does  not 
precipitate  manganous  salts  in  the  cold.  Ammonic  sidj^hide  pre- 
cipitates flesh-coloured  hydrated  manganous  sulphide,  soluble  in 
dilute  acids,  even  in  acetic  acid. 

All  manganous  compounds,  when  fused  with  sodic  carbonate 
and  nitre,  yield  a  green  mass  containing  an  alkaline  manganate. 
With  borax  or  microcosmic  salt,  they  give  a  bead  which  is 
amethyst-coloured  in  the  oxidising  flame,  and  colourless  in  the 
reducing  flame.  Manganous  chloride  colours  the  non-luminous 
flame  green :  the  spectrum  of  the  flame  exhibits  lines  in  the  green 
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aucl  yellow.  The  spark-spectrum  of  manganese  contains  a  larcre 
number  of  lines. 

IRON,  Fe. 

Atomic  toeiffht  =  56.    Molecular  weight  unknown.    Sp.  gr  7-8 
Atomicity  ",  iv  and  ^\    Evidence  of  atomicity  :— 

Ferrous  chloride    Pe"Cl  . 

Ferric  disulphide   Pe'^S"  . 

Ferric  chloride   'Pe'"  CI  . 

Potassic  ferrate   Pe^'02Ko2. 

History.— The  process  of  obtaining  iron  from  its  ores  has  been 
known  from  very  early  times.  Owing  to  its  abundance,  to  the  ease 
with  which  it  can  be  reduced  to  the  metallic  state,  and  to  its 
valuable  properties,  it  is  by  far  the  most  important  of  the  metals. 

Occurrence.— Ixon  is  the  most  abundant  and  widely  diffused  of 
the  metals,  with  the  exception  of  aluminium.  JSTative  iron,  which 
is  of  rare  occurrence,  may  be  divided  into  two  kinds— me^eonc 
irov,  of  extra-terrestrial  origin,  and  telluric  iron.  Meteoric  iron 
sometimes  occurs  in  considerable  masses :  the  largest  have  been 
found  on  the  island  of  Disko,  off  the  coast  of  Greenland,  where 
there  are  fifteen  of  these  blocks,  the  two  largest  weighing  21,000 
and  8,000  kilos.  Weapons  and  implements  of  meteoric  iron  have 
been  found  among  the  Eskimos,  and  also  among  tribes  in  Central 
Africa.  Meteoric  iron  is  never  pure :  it  contains  varying  quantities 
of  other  metals,  notably  nickel  and  cobalt,  the  proportion  of  the  first 
of  these  sometimes  ranging  as  high  as  30  per  cent.  On  the  snow- 
fields  of  Northern  Europe  and  Asia  the  snow  is  found  to  enclose 
minute  magnetic  particles  possessing  the  composition  of  meteoric 
iron.  It  is  probable  that  this  meteoric  dust  is  continually  falling 
upon  the  earth  ;  but  its  presence  can  be  detected  with  certainty  only 
in  localities  which,  like  the  above,  are  sufficiently  remote  from  all 
sources  of  terrestrial  dust.  Telluric  iron  occurs  in  small  spiculse 
disseminated  through  various  basalts  and  lavas.  Masses  of  terres- 
trial iron  have  also  been  observed  in  eases  in  which  the  fire  of 
burning  coal-mines  has  acted  upon  ores  of  iron.  This  variety  is 
known  as  natural  steel. 

Iron  most  frequently  occurs  in  combination  with  oxygen  or 
sulphur.  In  combination  with  oxygen  it  is  found  as  ferric  oxide, 
'Pe203,  in  red  haematite,  or  specidar  iron  ore;  as  feii'om  difendc 


IRON. 


753 


tetroxide,  ^qq^^^">      magnetic  iron  ore ;  as  tetraferric  trioxy- 

hexahydrate,Pe403Hog,  inhrown  hcematite;  and  as  ferrous  carbonate, 
COFeo",  in  spathose  iron  ore.  The  disulphide,  FeS'\,  is  of  very 
common  occurrence  as  iron  pyrites.    Iron  is  also  found  in  the  form 

of  a  sulphide  in  copper  pyrites,  ^^q^C^^'i^"^)"-    Silicates  of  iron 

are  contained  in  nearly  all  rocks,  and  by  the  disintegration  and 
decomposition  of  these  rocks  the  oxide  of  iron  is  produced  which 
imparts  to  the  soil  its  red  colour.  From  the  soil  plants  extract  the 
iron  which  is  a  necessary  constituent  of  the  chlorophyll,  or  green 
colouring  matter  of  their  leaves.  Iron  is  also  a  necessary  consti- 
tuent of  the  hemoglobin,  or  red  colouring  matter  of  the  blood. 
The  chlorophyll  of  plants  enables  them,  with  the  aid  of  sunlight, 
to  decompose  the  carbonic  anhydride  and  aqueous  vapour  of  the 
atmosphere :  a  portion  of  the  oxygen  resulting  from  this  decom- 
position is  evolved,  whilst  the  other  products  of  decomposition  are 
used  in  building  up  the  tissues  and  principles  of  the  plant.  The 
haemoglobin  of  the  blood  acts  as  a  carrier  of  the  oxygen  which 
is  absorbed  during  respiration,  and  which  serves  for  the  oxidation 
of  the  animal  tissues.  In  this  way  the  respiratory  functions  both 
of  plants  and  of  animals  are  dependent  upon  the  presence  of 
iron. 

The  presence  of  iron  in  extra-terrestrial  space  is  proved  by  its 
occurrence  in  meteorites,  and,  further,  by  the  results  of  spectrum 
analysis,  which  show  that  this  metal  is  present  in  the  sun  and  in 
many  of  the  fixed  stars. 

Extraction. — The  important  and  complex  subject  of  the  metal- 
lurgy of  iron  can  only  be  briefly  sketched  here. 

The  compounds  of  iron  from  which  the  metal  is  extracted  are 
the  oxides,  the  hydrates,  and  the  carbonate.  The  chief  ores  are  : 
magnetic  iron  ore,  red  hcematite,  brown  hcematite,  spathose  iron  ore, 
and  clay  iron-stone  cr  argillaceoios  iron  ore,  which  is  a  spathose  iron 
mixed  with  clay  or  sand.  Black  land  is  a  variety  of  clay  iron- 
stone containing  from  20  to  25  per  cent,  of  coal.  The  ores  are 
first  calcined  or  roasted.  In  this  process  water  and  carbonic  anhy- 
dride are  expelled,  whilst  most  of  the  sulphur,  which  may  be 
present,  is  oxidised  and  burnt  off  as  sulphurous  anhydride.  At  the 
same  time  the  ore  is  rendered  more  friable  and  porous.  The  ore  is 
then  reduced  by  heating  with  coal,  limestone,  and  occasionally 
silicates,  in  a  hot-blast  furnace.    This  furnace  consists  of  a  lofty 
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shaft  of  Strong  masonry  lined  with  fire-brick.    The  internal  space 
IS  narrower  towards  the  bottom,  where  the  molten  metal  collects 
The  furnace  is  first  lighted  or  hloxon  in,  after  which  alternate  layers 
of  a  mixtiire  of  calcined  ore  and  limestone  on  the  one  hand,  and  of 
coal  on  the  other,  are  tlirown  in  at  the  top  nntil  the  furnace  is  full. 
A  powerful  blast  of  air,  previously  heated  to  from  350°  to  700°  is 
forced  m  through  pipes  or  tuyeres  placed  at  the  bottom  of  the 
furnace.    The  chemical  changes  which  occur  in  the  furnace  are  as 
follows  :-The  oxygen  of  the  air  on  entering  the  furnace  unites 
with  the  carbon  to  form  carbonic  anhydride,  which  in  turn  is 
converted  into  carbonic  oxide  by  contact  with  the  heated  carbon. 
The  carbonic  oxide  in  passing  upwards  over  the  heated  ferric 
oxide  reduces  it  to  finely-divided  iron.    The  part  of  the  furnace 
in  which  this  change  occurs  is  termed  the  "zone  of  reduction" 
At  the  same  time  the  fusible  flux  of  silicate  of  lime  coats  the 
particles  of  metal  and  protects  them  from  oxidation.     As  the 
reduced  iron  sinks  into  the  liotter  parts  of  the  furnace  it  begins 
to  combine  with  carbon ;  this  part  of  the  furnace  is  therefore  known 
as  the  "  zone  of  carburation."    At  this  point  the  iron  also  takes  up 
phosphorus  derived  by  reduction  from  phosphates  contained  in 
the  ore.    The  metal  gradually  sinks  till  it  reaches  the  hottest  part 
of  the  furnace— the  "zone  of  fusion"— when  it  melts  and  runs 
down  to  the  hearth  or  lowest  part  of  the  furnace.    Here  it  would 
be  exposed  to  the  danger  of  oxidation ' from  the  blast;  but  the 
fusible  slag  floats  on  the  surface  of  the  molten  metal  and  protects 
it.    The  excess  of  slag  runs  off  regularly  through  an  opening. 
From  time  to  time  the  molten  iron  is  tapped  and  cast  into  bars 
known  as  pigs.    As  fast  as  the  charge  in  the  furnace  sinks,  fresh 
charges  of  ore,  limestone,  and  coal  are  introduced.    In  tliis  way  a 
blast-furnace  may  be  kept  continuously  at  work  for  many  years. 

The  crude  iron  thus  obtained,  known  as  pig  iron  or  cast  iron, 
contains  from  3  to  6  per  cent,  of  carbon,  together  with  varying 
quantities  of  manganese,  silicon,  sulphur,  phosphorus,  arsenic,  and- 
antimony.  The  carbon  is  present  in  two  forms :  partly  in  chemical 
combination,  and  partly  as  particles  of  graphite  mechanically  dis- 
seminated throughout  the  mass  of  the  metal.  When  cast  iron  is 
dissolved  in  acids,  the  carbon  displays  a  different  behaviour 
according  to  the  form  in  which  it  is  present:  the  mechanically 
disseminated  carbon  is  left  behind  unchanged,  whilst  the  chemically 
combined  carbon  enters  into  combination  with  hydrogen  to  form 
complex  hydrocarbons,  gaseous  and  liquid.    According  to  colour 
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and  Qlher  properties,  Ihe  following  varieties  of  cast  iron  are  dis- 
tinguislied : —  White  cast  iron,  which  contains  the  whole  of  its 
carbon  in  the  combined  condition;  and  grey  cast  iron,  which,  in 
addition  to  the  combined  carbon,  contains  graphite  disseminated 
throughout  its  mass.  .Various  intermediate  stages  are  classed  as 
mottled  cast  irons.  S'piegeleisen,  spier/el,  or  sjjecidar  pig  iron  is  a 
white  iron  containing  the  highest  percentage  (3 '5  to  6  per  cent.)  of 
combined  carbon.  White  iron  is  formed  when  the  temperature  of 
the  blast  furnace  is  low.  It  contracts  on  solidification,  and  there-^ 
fore  cannot  be  used  for  castings.  Grey  iron  is  formed  when  the 
temperature  is  high.  It  expands  on  solidifying,  and  is  suitable  for 
foundry  work. 

Cast  iron  is  brittle  and  cannot,  as  a  rule,  be  forged.  In  order 
to  impart  to  it  the  property  of  malleability,  the  greater  portion  of 
the  carbon  and  the  other  foreign  substances  must  be  removed  by  a 
process  of  oxidation.  .  In  this  way  the  cast  iron  is  converted  into 
vjrouglit  iron.  The  process  most  commonly  employed  in  the  j)ro- 
duction  of  wrought  iron  is  that  of  puddling :  the  wrought  iron  is 
fused  along  with  powdered  haematite  on  the  hearth  of  a  rever- 
beratory  furnace,  employing  a  flux  of  blast-furnace  slag.  During 
the  process,  the  metal  is  stirred  to  promote  oxidation.  The  silicon 
is  first  converted  into  silicic  anhydride,  which  is  taken  up  by  the 
bases  of  the  slag ;  afterwards,  the  carbon  is  burnt  off  as  carbonic 
anhydride.  A  comparatively  low  temperature  is  essential  to  the 
effectual  removal  of  the  phosphorus,  since  at  a  high  temperature 
the  iron  reduces  the  phosphates  contained  in  the  slag  and  takes  np 
phosphorus. 

Wrought  iron  contains  from  0'15  to  0'5  per  cent,  of  carbon. 
The  lower  the  proportion  of  carbon  the  more  malleable  and  the  less 
readily  fusible  is  the  iron.  EoUed  and  hammered  wrought  iron,- 
containing  0*3  per  cent,  of  carbon,  has  a  fibrous  structure ;  if  the 
percentage  rises  to  0-5,  the  structure  becomes  granular  and  crys- 
talline.. The  hardness  of  the  metal  also  increases  with  the  per- 
centage of  carbon.  Wrought  iron  is  of  a  clear  grey  colour,  and 
capable  of  taking  a  high  polish.  At  a  red  heat  it  softens  and  may 
be  welded.  The  physical  properties  of  iron  are  powerfully  modi- 
fied by  the  presence  of  minute  quantities  of  various  impurities  : 
thus  sulphur  renders  the  metal  "  red-short" — that  is,  brittle  at 
high  temperatures ;  phosphorus  renders  it  "  cold-short,"  or  brittle 
9.t  ordinary  temperatures. 

-   .  If  the  proportion^  of-  chemically  combined  carbon  in  iron  lies 
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between  0-6  and  2  per  cent.,  the  product  is  known  as  steel  In 
chemical  composition,  steel  therefore  stands  midway  between 
wrought  iron  and  cast  iron,  and  it  may  in  fact  be  produced  from 
the  former  of  these  by  increasing,  and  from  the  latter  by  dimi- 
nishing, the  proportion  of  carbon  present.  Steel  was  formerly 
exclusively  prepared  from  wrought  iron  by  the  cementation  vroceL 
In  this  process  bars  of  wrought  iron  are  packed  in  powdered  char- 
coal or  soot,  and  heated  to  bright  redness  for  from  seven  to  ten 
days,  according  to  the  nature  of  the  product  required.  In  this  way 
the  iron  takes  up  the  carbon  necessary  for  its  conversion  into  steel 
Ihe  exact  mode  m  which  this  is  accompHshed  is  not  perfectly 
understood,  though  various  hypotheses  have  been  made  with  re-ard 
to  this  process.  The  bars  of  steel,  after  their  conversion,  exhibit  a 
pecuhar  blistered  appearance  due  to  the  production  of  gas  within 
the  mass  of  the  metaL  This  imperfection  is  removed  by  ham- 
mering and  rolling,  or  by  melting  the  steel.  Puddled  steel  is  an 
inferior  quality  of  steel  prepared  from  cast  iron  by  arresting  the 
process  of  puddling  at  a  point  short  of  the  production  of  wrought 
u-on.  In  the  Bessemer  process  of  steel  maldng,  cast  iron  is  melted, 
and  then  transferred  to  a  vessel  known  as  a  converter,  through 
the  bottom  of  which  a  powerful  blast  of  air  is  blown.  The  sHicon, 
manganese,  and  carbon  are  thus  oxidised,  and  so  great  is  the  heat 
evolved  that  the  temperature  of  the  molten  metal  rises  con- 
siderably. Formerly  the  process  was  interrupted  at  the  point  of 
formation  of  steel,  but  at  the  present  day  the  oxidation  is  carried 
on  until  the  whole  of  the  carbon  is  removed — a  point  much  more 
readily  ascertained— after  which  molten  spiegel  is  added  in  quan- 
tity exactly  sufficient  to  convert  the  whole  into  steel. 

Steel  is  of  a  clear  grey  colour,  and  possesses  a  granular  struc- 
ture. It  may  be  forged  and  welded  like  wrought  iron,  and  fuses  at 
a  lower  temperature  than  the  latter.  It  possesses  the  property  of 
becoming  intensely  hard  and  brittle  when  heated  to  redness  and 
tlien  suddenly  cooled — for  example,  by  plunging  into  water.  This 
hardness  and  brittleness  can  be  removed  in  any  required  degree  by 
heating  the  hardened  steel  to  temperatures  between  200°  and  300° 
and  then  allowing  it  to  cool.  This  process  is  known  as  temjjering. 
The  lower  the  temperature  employed,  the  harder  will  be  the  result- 
ing steel.  If  the  surface  of  the  object  to  be  tempered  be  first 
polislied,  it  will  exhibit  shades  of  colour  on  heating,  due  to  the 
formation  of  films  of  oxide  of  varying  thickness.  By  observing 
these  colours  the  workman  is  enabled  to  judge  with  sufficient 
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accuracy  of  the  temperature  which  he  is  employing.  The  specific 
gravity  of  hardened  steel  is  somewhat  lower  than  that  of  wrought 
steel.  In  hardened  steel  the  whole  of  the  carbon  is  present  in  the 
combined  state,  whereas  wrought  steel  also  contains  graphitic 
carbon. 

Preparation  of  Piire  Iron. — The  purest  iron  of  commerce  is 
pianoforte  wire,  which  contains  only  about  0-3  per  cent,  of  impuri- 
ties— for  the  most  part  carbon.  Chemically  pure  iron  is  prepared 
by  heating  the  pure  oxalate  or  oxide  in  a  current  of  hydrogen.  It 
is  thus  obtained  in  the  form  of  a  black  powder,  which,  when  the 
reduction  has  been  effected  at  a  sufficiently  low  temperature,  is 
pyrophoric,  spontaneously  oxidising  with  incandescence  when 
exposed  to  the  air.  If  heated  to  a  higher  temperature  during  re- 
duction, the  product  is  denser  and  no  longer  spontaneously 
oxidisable.  It  may  be  fused  into  a  regulus  in  a  lime  crucible  by 
means  of  the  oxyhydrogen  flame.  Very  pure  iron  may  also  be 
obtained  by  fusing  wrought  iron  with  ferric  oxide  under  a  layer  of 
melted  glass  free  from  lead. 

Properties. — Pure  iron  is  almost  silver-white,  and  is  capable  of 
taking  a  high  polish.  It  has  a  specific  gi-avity  of  7-84.  It  is 
softer,  more  malleable,  and  less  tenacious  than  wrought  iron.  It 
is  fusible  only  at  the  very  highest  temperatures.  It  does  not 
undergo  any  change  in  dry  air  at  ordinary  temperatures ;  but  in 
moist  air  containing  carbonic  anhydride  it  becomes  coated  with 
ferric  hydrate  or  iron  rust.  The  process  of  rusting  takes  place  very 
slowly  at  first,  but  goes  on  rapidly  as  soon  as  a  thin  coating  of 
rust  has  been  formed  upon  the  surface  of  the  metal.  "WTien 
heated  in  air,  iron  becomes  coated  with  ferrous  diferric  tetroxide, 

(PgO 
jigQFeo",  which,  on  hammering,  flies  off  in  scales  {smithy 

scales).  It  burns  brilliantly  when  heated  in  oxygen,  emitting 
showers  of  dazzling  sparks,  and  yielding  the  foregoing  oxide.  It 
bums  also  in  sulphur  vapour.  It  combines  directly  with  the 
halogens,  and  at  a  high  temperature  with  carbon.  At  a  red  heat  it 
decomposes  water,  with  evolution  of  hydrogen,  and  formation  of 
ferrous  diferric  tetroxide.  Dilute  hydrochloric  or  sulphuric  acid' 
dissolves  it  with  evolution  of  hydrogen,  and  when  the  metal  con- 
tains chemically  combined  carbon,  hydrocarbons  are  mixed  with 
the  hydrogen,  imparting  to  it  a  peculiar  and  disagreeable  odour. 
Nitric  acid  of  sp.  gr.  1-35,  or  lower,  dissolves  iron  with  violent 
evolution  of  nitrous  fumes  and  formation  of  ferric  nitrate ;  but 
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under  certain  circumstances  iron  may  be  kept  immersed  for  any 
length  of  time  in  nitric  acid  without  the  slightest  action,  or  dimi- 
nution of  its  brightness  of  surface.    This  condition,  which  is 
known  as  the  passive  state  of  iron,  is  produced  when  the  metal  is 
immersed  in  nitric  acid  of  sp.  gr.  1-45  or  higher.    The  iron,  which 
has  been  thus  rendered  passive  is  not  acted  upon  by  dilute  nitric 
acid.    The  same  condition  is  induced  when  iron  is  made  the 
positive  plate  of  a  voltaic  couple  in  nitric  acid:  for  example, 
when  it  is  introduced  into  nitric  acid  of  sp.  gr.  1-35  in  contact 
with  a  piece  of  platinum.    The  platinum  may  then  be  removed, 
and  the  iron  remains  passive.    Passive  iron  does  not  precipitate 
copper  from  its  solutions,  but  if  a  piece  of  passive  iron  which  has 
been  dipped  into  the  solution  of  a  copper  salt  be  scratched,  the 
copper  is  instantly  deposited  on  the  whole  surface  of  the  iron. 
Passive  iron  is  powerfully  electronegative  towards  ordinary  iron, 
and  a  voltaic  couple  may  be  constructed  consisting  of  passive  iron 
in  concentrated  nitric  acid  and  ordinary  iron  in  a  solution  of  sodic 
sulphate,  the  two  liquids  being  separated  by  a  porous  diaphragm. 
The  phenomenon  of  passivity  in  iron  depends  upon  the  formation 
of  a  thin  film  of  ferrous  diferric  tetroxide  upon  the  surface  of  the 
metal.    Thus  iron  may  be  rendered  passive  by  moderately  heating 
it.    The  deposition  of  copper  in  the  case  above  described  depends 
upon  the  fact  that  by  scratching  the  passive  metal  the  film  of  oxide 
is  removed  at  that  part  and  a  surface  of  iron  exposed :  a  voltaic 
action  then  sets  up  between  the  electropositive  iron  and  the  electro- 
negative oxide,  and  the  hydrogen  which  is  liberated  oji  the  surface 
of  the  latter  reduces  it,  converting  it  into  iron,  which  in  its  turn 
reduces  the  copper.    The  voltaic  action  between  iron  and  ferrous 
diferric  tetroxide  may  be  employed  in  rendering  the  metal  passive : 
thus  if  one  end  of  a  bright  iron  wire  be  heated  so  as  to  oxidise  it, 
and  then  the  wire  be  dipped,  with  the  oxidised  end  first,  intO' 
nitric  acid  of  sp.  gr.  1-35,  the  whole  wire  is  rendered  passive. — 
Iron  is  attracted  by  the  magnet,  and  may  also  be  magnetised,  but 
parts  with  its  magnetism  almost  instantaneously,  whilst  steel  is 
capable  of  permanently  assuming  the  polar  state. 

COMPOUNDS  OF  IRON  WITH  THE  HALOGENS, 
a.  Ferrous  Compounds. 

Ferrous  chloride,  FeClj,  is  prepared  by  heating  iron  in 
.gaseous  hydrochloric  acid.    A  solution  of  this  compound  is  ob- 
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tained  by  dissolving  iron  in  aqueous  hydrochloric  acid.  The 
anhydrous  chloride  sublimes  in  colourless  fusible  six-sided  scales; 
.When  volatilised  in  an  atmosphere  of  gaseous  hydrochloric  acid,  it 
possesses  a  vapour  density  lying  between  the  densities  required 
for  the  molecular  formulae  PeClg  and  "Pe2Cl4  respectively.  It  is 
therefore  probable  that  the  iron  in  this  compound  is  at  lower  tem- 
peratures tetradic  and  at  higher  temperatures  dyadic.  When 
heated  in  air  ferrous  chloride  is  converted  into  ferric  chloride, 
which  volatilises,  and  ferric  oxide : — 

6PeCl2    +    30    =    'FeaClg    +  'Pe^Og. 

Ferrous  Ferric  Ferric 

cMoride.  cHoride.  oxide. 

It  is  deliquescent,  and  soluble  both  in  water  and  in  alcohol.  The 
aqueous  solution,  when  concentrated  out  of  contact  with  air, 
deposits  pale-green  deliquescent  crystals  of  the  formula 

PeCl2,40H2. 

The  crystals  absorb  oxygen  from  the  air  and  undergo  decomposi- 
tion. Ferrous  chloride  forms  double  compounds  with  the  chlorides 
of  the  alkalies.  Potassic  fyrrous  chloride,  PeCl2,2KCl,20H2,  is 
deposited  from  mixed  solutions  of  its  component  chlorides  in 
bluish-green  monoclinic  crystals. 

Ferrous  bromide,  !FeBr2,  is  obtained  as  a  yellowish  crystalline  mass  wlien  bro- 
mine vapour  is  passed  over  iron  filings  heated  to  low  redness.  The  aqueous  solution, 
prepared  by  dissolving  iron  in  hydrobromic  acid,  deposits  on  concentration  the 
aquate,  reBr2,60Er2,  in  green  tabular  ci-ystals. 

Ferrous  iodide,  Fel2,  is  obtained  as  a  grey  laminated  mass  by  heating  iron  filings 
in  a  closed  crucible  and  adding  small  quantities  of  iodine.  An  excess  of  iodine  is 
then  added,  and  the  heating  is  continued  until  vapours  of  iodine  cease  to  escape. 
The  aqueous  solution,  which  is  readily  obtained  by  digesting  iron  filings  with  iodine 
and  water,  deposits  on  evaporation  green  crystals  of  the  formula  Fel2,40B[.2. 

Ferrous  fluoride,  FeF2. — When  iron  is  dissolved  in  hydrofluoric  acid,  sparingly 
soluble  green  crystals  of  the  compound  T'eF2,80ir2  deposited,  which,  when 
heated  with  exclusion  of  air,  become  anhydrous. 

h.  Ferric  Compounds. 

Ferric  chloride,  'Fg^GIq.  Molecidar  volume  CX]| — This  com- 
pound is  obtained  in  the  anhydrous  state  by  gently  heating  iron 
wire  in  a  current  of  chlorine,  and  in  solution  by  dissolving  ferric 
oxide  in  hydrochloric  acid  or  iron  in  aqua-regia.  The  anhydrous 
compound  forms  dark-brown  hexagonal  plates,  which  possess  a 
green  metallic  lustre,  and  appear  red  by  transmitted  light.  It  is 
fusible,  and  volatilises  more  readily  than  the  ferrous  compound.  It 
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deliquesces  in  moist  air,  and  is  readily  soluble  in  water ;  the  dilute 
solution  is  yellow,  the  concentrated  solution  is  dark-brown,  and  of 
an  oily  consistency.  It  is  also  soluble  in  alcohol  and  in  ether : 
tjie  latter  solvent  extracts  the  compound  from  the  aqueous  solution 
when  agitated  with  it.  The  aqueous  solution  when  concentrated 
over  sulphuric  acid  deposits  yellow  prismatic  crystals  of  the  com- 
pound 'Pe2Clg,120H2,  and  at  a  still  higher  degree  of  concentration 
brownish-red  crystals  having  the  formula  'Pe2Clg,60H2.  When 
the  hydrated  chloride  is  heated,  it  parts  with  water  and  hydro- 
chloric acid,  yielding  an  oxychloride,  which  at  a  higher  temperature 
decomposes  into  volatile  anhydrous  ferric  chloride  and  ferric  oxide. 
A  dilute  aqueous  solution,  containing  less  than  4  per  cent,  of  ferric 
chloride,  is  decomposed  on  heating  into  soluble  colloidal  ferric 
hydrate  (p.  762)  and  free  hydrochloric  acid,  this  chemical  change 
being  accompanied  by  a  change  in  the  colour  of  the  liquid  from 
yellow  to  red.  When  a  concentrated  aqueous  solution  is  evaporated 
by  heat  it  parts  with  hydrochloric  acid  and  an  insoluble  oxychloride 
of  varying  composition  separates  out. — Ferric  chloride  forms  nume- 
rous double  compounds.  Potassic  ferric  chloride,  Fe2Clg,4KCl,20H2, 
is  deposited  in  garnet-red  crystals  from  mixed  solutions  of  ferric 
and  potassic  chlorides.  Anhydrous  ferric  chloride  absorbs  gaseous 
ammonia,  yielding  the  compound  'Fe2Cl6,2NH3,  which  in  appear- 
ance is  indistinguishable  from  ferric  chloride. 


Ferric  bromide,  'Fe^Bpg,  is  prepared  by  )ieating  ii-on  in  an  excess  of  bromine 
vapour.    In  its  properties  it  closely  resembles  the  chloride. 

Ferric  iodide  has  not  been  obtained.  It  appears,  however,  to  be  capable  of 
existing  at  higher  temperatures.  When  the  heated  mass  which  is  obtained  in  the 
preparation  of  ferrous  iodide  (p.  759),  and  which  remains  after  all  the  vapours  of 
iodine  have  been  expelled,  is  allowed  to  cool,  it  suddenly  evolves,  at  a  temperature 
somewhat  below  redness,  large  quantities  of  iodine  vapour,  a  phenomenon  which  is 
probably  due  to  the  decomposition  of  ferric  iodide  contained  in  the  mass. 

Ferric  Jluoride,  'Fe^F^,  is  formed  when  ferric  oxide  is  dissolved  in  hjdrofluoric 
acid.  It  forms  colourless  sparingly  soluble  crystals  of  the  fornuda  'FeoFgiQOHj. 
By  heating  these  in  a  platinum  crucible  over  the  blowpipe,  the  water  of  crystaUisa- 
tion  is  expelled,  and  the  anhydrous  fluoride  is  obtained  as  a  fused  mass.  It  sub- 
limes in  small  transparent  almost  colourless  cubes,  isomorphous  with  alumiuic 
fluoride. 
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Ferrous  oxide 


PeO. 


Ferrous diferric  tetroxide  fFeO 
{Magnetic  oxide)  ....  \PeO 


Feo''. 


0— Fe— 0 

\  / 

0=Fe-Fe--0. 
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Ferric  oxide 


0 

0=re— Fe=0. 


Ferrmis  oxide,  PeO,  is  difficult  to  prepare  in  a  state  of  purity. 
It  is  obtained  as  a  black  powder  by  heating  ferric  oxide  to  redness 
in  a  mixture  of  equal  volumes  of  carbonic  anhydride  and  carbonic 
oxide,  or  by  heating  ferric  oxide  to  300°  in  a  current  of  hydrogen. 
The  product  obtained  by  the  latter  method  undergoes  oxidation 
with  incandescence  if  exposed  to  air  when  freshly  prepared,  but 
loses  this  pyrophoric  property  after  remaining  for  twelve  hours 
at  ordinary  temperatures  in  an  atmosphere  of  hydrogen. 

Ferrous  hydrate,  FeHo2,  is  formed  when  caustic  alkali  is 
added  to  the  solution  of  a  ferrous  salt.  The  precipitation,  washing 
and  drying  must  be  performed  in  an  atmosphere  free  from  oxygen. 
When  pure  it  forms  a  white  powder,  but  generally  has  a  greenish 
tint,  owing  to  the  difficulty  of  entirely  excluding  oxygen.  Wlien 
exposed  to  the  air  it  rapidly  absorbs  oxygen,  and  is  converted  into 
ferric  oxide,  sometimes  with  incandescence. 

Ferrous  diferrio  tetroxide  {Magnetic  oxide),  ''Fg^O^&o"  — 
This  compound  occurs  native  in  black  lustrous  octahedra  and  other 
forms  belonging  to  the  regular  system,  more  frequently,  however, 
in  granular  masses,  constituting  the  mineral  magnetic  iron  ore.  It 
is  formed  when  iron  is  heated  in  steam  or  carbonic  anhydride,  with 
liberation  of  hydrogen  and  formation  of  carbonic  oxide  respectively. 
On  the  other  hand,  by  precisely  the  reverse  reactions,  hydrogen  and 
carbonic  oxide  reduce  heated  oxides  of  iron  to  the  metallic  state. 
When  iron  is  heated  in  air  it  becomes  coated  with  magnetic  oxide 
in  the  form  of  so-caUed  iron  scale  or  smithy  scales.  This  is  not, 
however,  a  pure  compound :  the  outer  portions  approximate  more 
in  composition  to  ferric  oxide,  ^6203,  the  inner  portions,  which  are 
next  the  metal,  to  that  of  ferrous  oxide.  Ferrous  diferric  tetroxide 
is  attracted  by  the  magnet,  and  the  native  variety  frequently  pos- 
sesses the  property  of  attracting  iron.  This  naturally  magnetic 
variety  of  the  mineral  is  known  as  loctdstone,  and  its  magnetism  is 
derived  from  that  of  the  earth. 

Ferric  oxide,  'Pe203,  occurs  as  specular  iron  ore  in  lustrous 
steel-grey  hexagonal  crystals,  also  massive,  as  the  important  iron 
ore  red  hceviatite.  It  may  be  obtained  artificially  in  reddish-brown 
lustrous  scales  by  carefully  heating  a  mixture  of  ferrous  sulphate 
and  common  salt,  extracting  the  mass  with  water  : — 
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2SO,reo"    =    'Pe,0,    +    SO,    +  SO 

slZX  I'erric  oxide.      Sulpl.urous  Sulplnirie 

'""^l'^""*^-  anhydride.  anhydride. 

The  same  compound  is  obtained  in  the  amorphous  condition  as  a 
reddish  powder  by  heating  ferric  hydrate  or  ferrous  sulphate  alone 
The  native  oxide  and  the  strongly  ignited  amorphous  oxide  dis- 
solve with  great  difRculty  in  acids.  Amorphous  ferric  oxide  ob- 
tained as  a  by-product  in  the  manufacture  of  fuming  sulphuric 
acid  (p.  296),  is  employed  as  a  red  pigment  under  the  name  of 
rouffe.  It  is  also  used  in  polishing  jeweller's  goods  and  metaUie 
surfaces  generally. 

Feeeic  hydrate,  'Fe,-Ho„  is  obtained  as  a  bulky  reddish- 
brown  precipitate  by  adding  ammonia  to  a  solution  of  ferric 
chloride.  When  dried  at  ordinary  temperatures  it  has  the  com- 
position represented  by  the  above  formula,  but  when  heated  to 
100^  or  when  boiled  with  water,  or  even  when  left  for  a  long  time 
in  contact  with  water,  it  undergoes  partial  dehydration,  and  is 
converted  into  the  compounds  of  the  formula   /E®"^°20  and 

FeOHo        -rr    1     ,  .   ,T  .  . 

PeOHo"     -tlyclrates  ot  this  composition  occur  in  nature  as 

needle  iron  ore  or  hrown  iron  ore.    Ordinary  iron  rust  has  the  com- 
rPeOHo 
PeHo, 

position     0  ,  and  this  compound  also  occurs  in  nature  as 

I  PeHo, 
LPeOHo 

hrown  hcematite.  Various  other  complex  hydrates  occur  as  well- 
characterised  minerals. — A  soluble  ferric  hydrate  is  also  known. 
Thus  a  solution  of  ferric  chloride  dissolves  large  quantities  of 
freshly  precipitated  ferric  hydrate,  yielding  a  dark-red  liquid.  The 
same  solution  may  be  obtained  by  adding  ammonic  carbonate  to  a 
solution  of  ferric  chloride  until  a  point  is  reached  at  which  the 
precipitate  of  ferric  hydrate  no  longer  redissolves.  If  either  of 
these  solutions  be  subjected  to  dialysis,  ferric  chloride  passes 
through  the  dialyser  and  a  dark-red  liquid  remains,  containing 
only  1-5  per  cent,  of  hydrochloric  acid  to  98-5  of  ferric  oxide. 
Traces  of  alkalies  and  salts  cause  the  solution  to  coagulate.  All 
the  ferric  hydrates  are  converted  on  heating  into  ferric  oxide. 
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OXY-BALTS  OF  IRON, 
a.  Ferrous  Salts. 

Ferrous  nitrate,  ■S<Si^Yeo"fi0^.2,  is  best  prepared  by  decomposing  ferrous  sul- 
phate with  baric  nitrate.  Crystals  can  bo  obtained  only  from  wcU-cooled  solutions. 
Tlie  crystals  are  very  unstable,  and  by  exposure  to  air  are  speedily  converted  into  a 
reddish-browii  powder. 

Ferrous  carbonate,  COFeo",  occurs  native  as  spathose  iron 
ore  in  rhombolaedral  crystals,  which,  however,  generally  contain 
varying  quantities  of  the  isomorphous  carbonates  of  calcium, 
magnesium,  and  manganese.  This  compound  may  be  obtained 
artificially  in  microscopic  rhombohedra  by  heating  a  solution  of 
ferrous  sulphate  with  an  excess  of  hydric  sodic  carbonate  in  sealed 
tubes  to  150°.  Alkaline  carbonates  produce  in  solutions  of  ferrous 
salts  a  white  precipitate  of  ferrous  carbonate,  which  speedily 
becomes  dark-coloured  from  oxidation,  and  when  exposed  to  air  is 
eventually  transformed  into  ferric  hydrate  with  evolution  of  car- 
bonic anhydride.  Ferrous  carbonate  is  soluble  in  water  containing 
carbonic  anhydride.  It  is  in  this  form  that  iron  usually  occurs  in 
chalybeate  springs. 

Ferrous  sulphate  (Gh-een  vitriol),  SOHo2Feo",60H2.— This  salt 
is  prepared  on  a  large  scale  by  exposing  moistened  iron  pyrites, 
PeS"2,  to  the  air.  The  soluble  ferrous^sulphate,  together  with  the 
excess  of  sulphuric  acid,  thus  formed,  runs  off  into  tanks,  where 
the  excess  of  acid  is  also  converted  into  ferrous  sulphate  by  the 
addition  of  scrap  iron.  It  is  best  prepared  in  a  state  of  purity  by 
dissolving  pure  iron  wire  in  sulphuric  acid,  employing  an  excess  of 
the  metal.  It  forms  large  pale-green  monoclinic  crystals,  which 
effloresce  in  dry  air.  These  are  soluble  in  1-^  times  their  weight  of 
water  at  ordmary  temperatures,  and  in  ^  of  their  weight  of  boiling 
water.  The  salt  loses  its  6  molecules  of  water  of  crystallisation 
at  100° ;  at  300°  it  parts  with  its  water  of  constitution,  leaving 
white  anhydrous  S02Feo".  The  anhydrous  salt  is  decomposed 
when  heated  to  redness,  yielding  ferric  oxide,  together  with  sul- 
phurous and  sulphuric  anhydrides  (p.  762).  The  moist  salt 
absorbs  oxygen  from  the  air  and  turns  brown.  Ferrous  sul- 
phate also  crystallises  in  the  rhombic  forms  of  zincic  sulphate. 
Crystals  of  this  form  may  be  obtained  by  introducing  a  small 
crystal  of  zincic  sulphate  into  a  supersaturated  solution  of  ferrous 
sulphate.  If,  on  the  other  hand,  a  crystal  of  cupric  sulphate  be  em- 
ployed to  start  the  crystallisation,  triclinic  crystals  of  the  formula 
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SOHo,Feo/'40H„  isomorphous  with  those  of  cupric  sulphate  are 
obtained.  Ferrous  sulphate  crystallises  in  all  proportion  with 
sulphates  0  copper,  zinc,  manganese,  and  the  other  me  al  o 
he  isomorphous  dyadic  group,  and  cannot  be  purified  by  crystal- 
lisation If  any  of  these  are  present.  Ferrous  sulphate  is  em- 
ployed m  the  preparation  of  inks,  iron  mordants,  etc.-Ferrous 
sulphate  forms,  with  the  sulphates  of  the  alkalies,  double  sulphates 
isomorphous  with  the  double  sulphates  of  the  metals  of  the 

TIo'aZ  ^''^  '""^P^'^'"' 

isO  Amo^^^"     obtained  by  dissolving  equivalent  quantities 

of  ferrous  sulphate  and  ammonic  sulphate  in  a  small  quantity  of 
hot  water  and  allowing  the  solution  to  crystallise.  It  forms  trans- 
parent bluish-green  monoclinic  crystals.  It  is  much  more  per- 
manent m  air  than  ferrous  sulphate,  and  for  this  reason  is  largely 
used  instead  of  this  salt  in  volumetric  analysis.  ° 

_  Ferrous  phosphate,  P,0,Peo"3,80H,.-Thi3  compouad  occurs  as  the  mineral 
Vlv^an^te  in  thin  monoclinic  prisms,  generally  of  a  bluish-green  tint.  It  is  precipi- 
tated on  the  addition  of  hydric  disodic  phosphate  to  a  solution  of  ferrous  sulphate 
as  a  white  amorphous  powder  which  rapidly  becomes  blue  from  oxidation. 

Ferrous  silicate,  Si¥eo"^,  occurs  native  as  the  mineral  fayalite.  It  also  forms 
the  chief  constituent  of  refinery -slag,  obtained  in  the  process  of  refining  iron 
previous  to  puddling.  It  also  occm-s  in  combination  with  other  sQicates  m  a  great 
variety  of  minerals. 


&.  Ferric  Salts. 

Ferric  nitrate,  TSe^^^{'YQ\0^)^,  is  obtained  by  dissolving  iron 
in  an  excess  of  nitric  acid  and  carefully  evaporating  the  solution. 
On  adding  nitric  acid,  crystals  of  the  nitrate  are  deposited,  some- 
times with  12,  sometimes  witli  18  aq.,  according  to  the  concentration 
of  the  solution  and  the  quantity  of  nitric  acid  employed.  The 
crystals  are  deliquescent  and  readily  soluble  in  water,  but  only 
sparingly  soluble  in  nitric  acid.  The  brown  aqueous  solution  is 
decomposed  on  boiling,  with  separation  of  brown  insoluble  basic 
nitrates.    Ferric  nitrate  is  employed  as  a  mordant. 

SO,-, 

Ferric  sulphate,  SOg-CFe"' 06)^',90H2,  occurs  native  in  hexa- 

gonal  crystals  as  the  mineral  coquimhite.  It  is  best  prepared  by 
dissolving  10  parts  of  ferrous  sulphate  in  water,  together  with 
4  parts  of  concentrated  sulphuric  acid,  and  adding  to  the  hot 
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solution  small  quantities  of  nitric  acid  until  a  portion  on  testing 
with  potassic  ferricyanide  no  longer  gives  a  blue  precipitate.  The 
reaction  is  as  follows  : — 

eSO^Feo"    +    3SO2H02    +    2NO^Ho    =  SS^O^i'Te'^O^y^ 

Ferrous  Sulpliuric  Nitric  Ferric  sulphate, 

sulphate.  acid.  acid. 

2'N"0     +  4OH2. 

Nitric  Water, 
oxide. 

By  evaporation  the  anhydrous  salt  is  obtained  as  a  white  mass. 
It  is  soluble  in  water,  yielding  a  brown  solution,  but  insoluble  in 
concentrated  sulphuric  acid.  Basic  ferric  sulphates  of  varying 
composition  are  obtained  by  boiling  the  dilute  solution  of  ferric 
sulphate  or  by  adding  to'  its  solution  a  quantity  of  alkali  insufficient 
for  complete  precipitation. 

Dipotassic  diferric  tetrasidphate  {Iron  alum), 

SO.,Ko-| 

io'-  (Te^06)-,24OH,.- 
SO2K0-J 

This  compound  is  obtained  when  the  calculated  quantity  of 
potassic  sulphate  is  dissolved  in  a  solution  of  ferric  sulphate,  and 
the  concentrated  solution  is  kept  at  a  temperature  of  0°.  The 
alum  is  deposited  in  violet  octahedra,  soluble  in  5  parts  of  water  at 
ordinary  temperatures. 

Ferric  phosphate,  P202('I'e"'205)",4.0H2,  is  obtained  as  a  white  precipitate 
when  hydric  disodic  phosphate  is  added  to  a  solution  of  ferric  chloride.  It  is 
insoluble  in  water  and  in  acetic  acid,  but  soluble  in  mineral  acids. 

Ferric  silicates. — A  dihydric  diferric  disilioate,  g|^o('^^"'2^6)'''  occurs  natiye 

as  the  mineral  anthrosiderite.  Ferric  silicates  also  occur  in  combination  with  other 
silicates  in  a  large  number  of  minerals. 


THE  FERRATES. 

Neither  ferric  acid,  FeO^HOg,  nor  its  anh};dride,  PeOg,  is  known. 
When  ferric  acid  is  liberated  from  its  salts,  it  is  instantaneously 
decomposed  into  ferric  hydrate  and  free  oxygen. 

Potassic  ferrate,  PeO^KOg. — This  compound  is  prepared  by 
suspending  freshly  precipitated  ferric  hydrate  in  caustic  potash  and 
passing  a  rapid  current  of  chlorine  through  the  liquid,  care  bei  no- 
taken,  however,  that  the  temperature  does  not  rise  above  40°.  It 
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is  also  formed  when  a  positive  electrode  of  cast  iron  is  employed 
in  the  electrolysis  of  caustic  potash,  and  when  finely  divided  iron 
is  fused  with  nitre.  It  forms  small  dark-red  crystals,  whicli  appear 
almost  black  by  reflected  light.  It  dissolves  in  water,  yielding  a 
red  solution  which  on  standing  deposits  ferric  hydrate  and  becornes 
colourless,  oxygen  being  evolved.  The  same  change  takes  place 
k  instantaneously  on  heating. 

Sodic  ferrate,  FeOaNaoa,  is  prepared  like  tlie  potash  salt,  whicli  it  closely 
resembles. 

Baric  ferrate,  FeOjBao",  is  obtained  as  a  red  insoluble  precipitate  when  baric 
chloride  is  added  to  the  solution  of  the  potash  salt.  It  is  moderatelj  stable  and 
may  be  heated  to  100°  without  decomposition. 

COMPOUNDS  OF  IRON  WITH  SULPHUR. 

Fereous  sulphide,  PeS'',  is  formed  by  the  direct  union  of  its 
elements.  lied-hot  wrought  iron  or  steel,  but  not  cast,  iron,  under- 
goes apparent  fusion  when  brought  in  contact  with  a  roll  of 
sulphur,  owing  to  the  formation  of  the  more  fusible  monosulphide. 
The  same  compound  is  formed  with  evolution  of  heat  when  a 
mixture  of  iron  filings  and  sulphur  is  moistened  with  water  and 
allowed  to  stand  at  ordinary  teraperatures.  It  is  best  prepared  by 
throwing  a  mixture  of  3  parts  of  iron  filings  and  2  parts  of  sulphur 
in  small  portions  at  a  time  into  a  red  hot  Hessian  crucible.  It  is 
thus  obtained  as  a  black  porous  mass,  which  at  a  higher  tempera- 
ture fuses,  solidifying  to  a  greyish-yellow,  crystalline,  metallic  mass, 
of  sp.  gr.  4'79.  The  alkaline  sulphides  precipitate  from  solutions 
of  ferrous  or  ferric  salts  black  amorphous  ferrous  sulphide.  In 
this  form  it  is  readily  oxidised  if  exposed  to  the  air  in  a  moist 
state.  Dilute  hydrochloric  or  sulphuric  acid  dissolves  ferrous 
sulphide  with  evolution  of  sulphuretted  hydrogen. 

PeS"^  '" — ^^^^  compound  cannot  be 
prepared  by  precipitating  a  ferric  salt  with  ammonic  sulphide,  as 
under  these  circumstances  a  mixture  of  ferrous  sulphide  with 
sulphur  is  obtained.  It  is  formed  when  iron  is  heated  with  its 
own  weight  of  sulphur,  avoiding  too  liigh  a  temperature.  It  is 
thus  obtained  as  a  yellowish  metallic  mass  of  sp.  gr.  4-41.  This 
compound  may  be  regarded  as  the  sulphanhydride  of  the  sulpho- 

i,^-/TT  .    This  acid  is  not  known,  but  its  salts  have  been 
Feb  Hs 

rPeS"Ks 

prepared.    Tsxws  potassic  sulphoferrite,  <  -^q^/'i^'       obtained  m 
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the  form  of  red,  lustrous',  flexible  needles  when  a  mixture  of  1  part 
of  finely-divided  iron,  6  parts  of  dry  potassic  carbonate,  and  6  parts 
of  sulphur  is  fused  and  the  cooled  mass  extracted  with  water. 

Co^er  'pyrites,.^^^,,'^^^'^"^",  is  the   cuprous   salt  of  this 

sulpho-acid. 

Eeptaferric  odosulphide  {Magnetic,  pyrites),  Fe^Sy,  occurs  native 
in  brownish-yellow  metallic,  hexagonal  crystals,  more  frequently, 
however,  inassive.  This  substance  is  attracted  by  the  magnet,  and 
is  sometimes  itself  magnetic. 

Ferric  Disulphide,  PeS"2. — This  compound  occurs  native  in 
two  distinct  forms.  As  iivn  pyrites  it  is  found  in  large  quantities, 
either  massive  or  in  brass-yellow  crystals  belonging  to  the  regular 
system.  It  has  a  specific  gravity  of  5-185.  The  same  compound 
is  obtained  artificially  by  heating  finely-divided  iron  with  excess  of 
sulphur  to  a  temperature  below  redness.  The  native  compound 
appears  to  have  been  formed  by  the  reducing  action  of  organic 
matter  upon  ferrous  sulphate  dissolved  in  water,  and  hence  it  is 
chiefly  found  along  with  the  remains  of  organic  matter  such  as  coal, 
peat,  etc.  Sometimes  it  assumes  the  form  of  the  piece  of  organic 
matter  by  which  the  reduction  has  been  effected :  thus  wood,  roots, 
ammonites  and  other  organised  forms  are  found  accurately  repro- 
duced in  this  material.  Marcasite,  or  radiated  pyrites,  the  second 
form  of  ferric  disulphide,  occurs  in  pale  brass-yellow  rhombic 
crystals  with  a  sp.  gr.  of  4'68  to  4"85.  Neither  of  the  forms  of  iron 
pyrites  is  magnetic.  It  is  not  attacked  by  dilute  acids  or  by  cold 
concentrated  sulphuric  acid  ;  but  hot  concentrated  sulphuric  acid; 
slowly  dissolves  it  with  evolution  of  sulphurous  anhydride.  Hot 
nitric  acid  also  oxidises  and  dissolves  it.  When  heated  in  a 
current  of  hydrogen  it  is  reduced  to  the  monosulpliide.  It  burns 
with  a  flame  when  heated  in  air,  yielding  sulphurous  anhydride 
and  ferric  oxide.  In  this  way  it  is  employed  in  enormous  quantities 
in  the  manufacture  of  sulphuric  acid. 

General  Properties  and  Eeactions  of  the  Compounds  of 
Iron: — 

a.  Ferrous  salts. — The  aquates  of  these  salts  are  green,  the 
anhydrous  salts  are  white.  Caustic  alkalies  precipitate  white 
ferrous  hydrate,  which  speedily  oxidises  by  exposure  to  the  air  and 
becomes  green.  Ar)ivionia  only  partially  precipitates  solutions  of 
ferrous  salts  as  hydrate ;  in  presence  of  an  excess  of  ammonic 
chloride  no  precipitate  is  produced  by  ammonia,  but  the  ammonia- 
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cal  solution  absorbs  oxygen  from  the  air,  and  a  film  of  fen-ic 
hydrate  forms  upon  the  surface.  Sulphirctted  hydrogen  does  not 
precipitate  ferrous  salts  in  acid  solution ;  ammonic  sulphide  precipi- 
tates black  hydrated  ferrous  sulphide,  which  is  readily  oxidised  by 
exposure  to  air.  Potassic  ferrocyanide  gives  a  white  precipitate  of 
dipotassic  ferrous  ferrocyanide  (Fe"Cy6Fe"K2),  which  rapidly 
oxidises  and  becomes  blue.  Potassic  ferricyanide  occasions  a 
deep-blue  precipitate  of  ferrous  ferricyanide  (Turnbull's  blue) 
(Fe^gTe^'gCyia)-  Oxidising  agents  convert  the  ferrous  into  ferric 
salts. 

b.  Ferric  salts. — These  have  a  yellow  or  reddish-brown  colour. 
Caustic  alkalies  and  ammonia  give  a  reddish-brown  bulky  precipi- 
tate of  fenic  hydrate,  insoluble  in  excess.  Sulphuretted  hydrogen 
does  not  precipitate  the  iron,  but  reduces  it  to  the  ferrous  state, 
whilst  finely  divided  white  sulphur  is  deposited.  Ammonia  sidjjhide 
precipitates  black  ferrous  sulphide  with  separation  of  sulphur. 
Potassic  ferrocyanide  gives  a  deep-blue  precipitate  of  ferric  ferro- 
cyanide (Prussian  blue)  (3Fe"Cy2,2'Fe'"2Cy6).  Potassic  fo  'ricyan-- 
ide  gives  no  precipitate  with  solutions  of  ferric  salts;  but  the 
colour  of  the  liquid  changes  from  yellow  to  reddish-brown.  Soluble 
thiocyanates  give  a  blood-red  coloration  which  is  not  destroyed  by 
hydrochloric  acid.  Baric  carbonate  precipitates  the  whole  of  the 
iron  in  the  cold  as  ferric  hydrate  with  evolution  of  carbonic  anhy- 
dride. Sodic  acetate  colours  neutral  solutions  dark-red,  and,  on 
boiling,  the  whole  of  the  iron  is  precipitated  as  basic  ferric  acetate. 
The  benzoates  and  succinates  of  the  alkali-metals  produce  in  neutral 
solutions  bulky  insoluble  brown  precipitates. 

All  compounds  of  iron  when  heated  with  sodic  carbonate  on 
charcoal  in  the  reducing  flame  yield  a  black  magnetic  powder. 
Borax  and  microcosmic  salt  give  with  iron  compounds  beads  which 
in  the  reducing  flame  are  bottle-green  and  in  the  oxidising  flame 
yellow,  or,  if  the  quantity  of  iron  is  very  small,  colourless.  The 
compounds  of  iron  do  not  colour  flame.  The  spark-spectrum  of  the 
metal  contains  many  hundreds  of  bright  lines  coincident  with  lines 
of  the  solar  spectrum. 


COBALT. 


769 


COBALT,  Co. 


Atomic  weight  =  58-6.  Molecular  weight  unknown.  Sp.  gr.  8"5  to 
8-7.  Atomicity  ",  »^  and  ^  ?  Also  a  pseudo-triad.  Evidence  of 
atomicity : — 

Cobaltous  chloride    Co"Cl2. 

Cobaltic  disulphide   Co*'S"2- 

{Co'"0 

History. — Cobalt  was  discovered  by  Brandt  in  1735. 

Occurrence. — Metallic  cobalt  occurs  in  small  quantity  in  mete- 
oric iron.  Its  chief  ores,  which  are  not  very  widely  distributed, 
are  the  arsenides  and  arsenical  sulphides,  such  as  speiss-cobalt, 

^^Co",  and  glance-coialt,  |;^g(Co"S")"2.    In  almost  aU  the 

cobalt  minerals  a  portion  of  the  cobalt  is  replaced  by  nickel,  iron, 
and  other  isomorphous  metals.  Cobalt  is  present  in  the  solar 
atmosphere. 

Extraction. — The  ores  of  cobalt,  which  consist,  as  above  stated, 
of  mixed  arsenides  and  sulphides  of  cobalt,  nickel,  and  iron,  and 
generally  contain,  in  addition,  copper,  bismuth,  and  other  metals, 
are  first  roasted  in  a  current  of  air.  In  this  way  an  impure 
cobaltous  arsenate,  known  as  zaffre,  is  obtained,  whilst  large 
quantities  of  arsenious  anhydride  are  volatilised,  this  product  being 
carefully  condensed.  The  roasted  mass  is  extracted  with  hydro- 
chloric acid  until  the  residue  is  free  from  cobalt.  On  evaporating 
the  solution  chlorine  is  evolved,  the  arsenic  acid  being  reduced  by 
the  hydrochloric  acid  to  arsenious  acid,  which  crystallises  out. 
The  remainder  of  the  arsenic  is  got  rid  of  by  oxidising  the  arseni- 
ous acid  back  to  arsenic  acid  by  the  addition  of  bleaching  jDowder, 
carefully  avoiding  an  excess,  and  tlien  exactly  neutralising  with 
milk  of  lime.  In  this  way  ferric  hydrate  is  precipitated,  carrying 
with  it  all  the  arsenic  acid.  The  solution  is  then  again  acidified  with 
hydrochloric  acid  and  treated  with  sulphuretted  hydrogen  in  order 
to  precipitate  copper,  bismuth,  etc.  The  cobalt  is  then  precipitated 
from  the  weak  acid  solution  as  cobaltic  oxide,  by  the  careful 
addition  of  bleaching  powder.  An  excess  of  the  precipitant  is  to 
be  avoided,  as  this  would  bring  down  the  nickel.  The  crude  oxide, 
which  stiU  contains  nickel  and  iron,  is  washed  and  ignited.    It  is 
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thus  converted  into  cobaltous  dicobaltic  tetroxide  -l^^^Coo"  in 

.  '  l^CoO  ' 

which  form  it  is  used  in  imparting  a  blue  colour  to  glass  and 
porcelain.  In  order  to  obtain  pure  metallic  cobalt,  the  commercial 
oxide  is  dissolved  in  hydrochloric  acid,  and  the  solution  evapo- 
rated to  a  small  bulk.  Ammonic  chloride  and  an  excess  of 
ammonia  are  then  added.  Any  ferric  hydrate  which  is  precipitated 
is  filtered  off,  and  the  solution  is  exposed  to  the  air  for  some  days 
until  a  portion  of  the  liquid,  when  treated  with  excess  of  con- 
centrated hydrochloric  acid,  does  not  become  blue.  Excess  of  con- 
centrated hydrochloric  acid  is  then  added  to  the  entire  hquid, 
which  is  now  heated  to  boiling  and  evaporated.  Almost  the 
whole  of  the  cobalt  separates  as  purpureo-cohalt  chloride, 

Co,Cle,(NH3),„, 

in  the  form  of  a  red  crystalline  powder.  This,  when  heated  in  a 
current  of  hydrogen  is  reduced  to  spongy  metallic  cobalt,  which 
may  be  obtained  in  the  form  of  a  regulus  by  fusion  in  a  crucible  of 
lime  or  graphite.  The  oxides  of  cobalt  are  also  reduced  to  the 
metallic  state  when  heated  in  a  current  of  hydrogen. 

Properties. — Metallic  cobalt  is  almost  white,  with  a  faint 
reddish  tinge,  and  is  capable  of  taking  a  high  polish.  It  is 
malleable  and  very  tenacious.  It  is  magnetic,  and,  unlike  iron 
and  nickel,  is  attracted  by  the  magnet  also  when  red  hot.  Its 
fusing-point  lies  somewhat  lower  than  that  of  iron.  The  compact 
metal  is  oxidised  neither  in  air  nor  in  water  at  ordinary  tempera- 
tares  ;  but  when  heated  in  air  it  undergoes  slow  oxidation.  It 
dissolves  slowly  in  dilute  sulphuric  and  hydrochloric  acids  with 
evolution  of  hydrogen,  and  is  readily  soluble  in  dilute  nitric 
acid. 

C03IP0UNDS  OF  COBALT  WITH  THE  HALOGENS. 

CoBALTOUS  CHLORIDE,  CoClg,  is  obtained  by  dissolving  any  of 
the  oxides  of  cobalt  in  hydrochloric  acid  and  evaporating.  In  the 
case  of  the  oxides  higher  than  cobaltous  oxide  the  solution  evolves 
chlorine.  The  concentrated  liquid  deposits  dark-red  monocliuic 
crystals  of  the  formula  CoClj.BOHj.  These,  when  heated  to  120°, 
are  converted  into  a  dark-blue  crystalline  powder  possessing  the 
formula  CoCl2,20Il2,  and  at  a  temperature  above  140°  this  salt 
becomes  anhydrous.  The  anhydrous  salt  sublimes  in  a  current  of 
chlorine,  yielding  dark-blue  scales,  wliich,  when  exposed  to  air, 
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absorb  moisture  and  become  pink-coloured.  The  anhydrous 
chloride  dissolves  slowly  in  water,  yielding  a  pink-coloured  solu- 
tion, and  in  absolute  alcohol  with  a  blue  colour,  which  becomes 
pinlc  on  the  addition  of  water.  Most  cobaltous  salts  exhibit  this 
property  of  possessing  a  pink  or  rose-colour  in  the  highly  hydrated 
condition,  and  a  blue  or  violet  colour  in  the  slightly  hydrated  or  anhy- 
drous condition.  Owing  to  this  property  a  solution  of  a  cobaltous 
salt  may  be  employed  as  a  so-called  sympathetic  ink.  Characters 
inscribed  upon  paper  with  a  dilute  solution  of  cobaltous  chloride 
are  invisible  under  ordinary  conditions,  but  appear  blue  when  the 
paper  is  warmed  to  expel  the  moisture,  gradually  disappearing 
again  on  cooling,  owing  to  the  absorption  of  moisture  from  the  air. 
In  like  manner  a  not  too  dilute  pink-coloured  solution  of  cobaltous 
chloride  becomes  blue  on  the  addition  of  an  excess  of  strong  hydro- 
chloric acid,  owing  to  the  abstraction  of  water  from  the  salt  in 
solution. 

Cobaltic  chloride,  'Co^Clg,  is  probably  formed  when  cobaltic  oxide  is  dissolved  in 
cold  hydrochloric  acid,  but  the  solution  speedily  evolves  chlorine,  and  contains 
cobaltous  chloride. 

Cohaltmis  bromide,  CoBrj,  resembles  the  chloride  in  properties  and  mode  of  pre- 
paration.   The  aquate,  CoBr2,60H2,  is  dark-red,  the  anhydrous  salt  green. 

Cobaltous  iodide,  C0I2.— This  compound  is  obtained  by  digesting  finely  divided 
cobalt  with  iodine  and  water.  It  forms  either  brownish-red  prisms  of  the  formula 
CoIo.eOHa,  or  small  green  vei'y  deliquescent  crystals  of  the  formula  Col2,20Ho. 
When  heated  to  130°,  the  salt  is  converted  into  a  black  gi-aphite-like  mass  of  the 
anhydrous  iodide. 

Cobaltous  fluoride,  CoF2,20H2.  is  obtained  in  rose-red  crystals  by  dissolving  tlie 
carbonate  in  hydrofluoric  acid  and  eva.porating  the  solution. 


COMPOUNDS  OF  COBALT  WITH  OXYGEN. 
Cobaltous  oxide. .......  CoO. 

0— Co— 0 

Cobaltous  dicobaltic  tetr-  fCoOQ^^,,       0==Co  Co=0 

oxide  \CoO 

Cobaltic  oxide   i^^n^*  /\ 

LOOU  o=Co— Co=0. 


Cobaltous  oxide,  CoO,  is  formed  when  cobaltous  hydrate  or 
cobaltous  carbonate  is  heated  with  careful  exclusion  of  air.  It  is 
best  prepared  by  strongly  heating  either  of  the  higher  oxides  in  a 
current  of  carbonic  anhydride.    It  forms  a  greenish-brown  powder, 
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readily  soluble  in  acids.  When  heated  in  hydrogen  (Jr  carbonic 
oxide  it  is  reduced  to  metal. 

Cohaltous  hydrate,  C0H02.— On  the  addition  of  a  caustic  alkali 
to  the  solution  of  a  cobaltous  salt  a  blue  basic  salt  is  precipitated 
which  on  boiling  is  converted  into  the  rose-red  hydrate.  This,  on 
exposure  to  air,  speedily  turns  brown  from  oxidation.  It  is 
insoluble  in  caustic  alkalies,  but  dissolves  in  ammonia  with  a 
reddish  colour. 

Cobaltous  dicohaltic  tetroxide,  'COaOgCoo.'— This  compound  is 
formed  when  either  of  the  other  oxides,  or  cobaltous  nitrate,  is 
strongly  ignited  in  air.    It  forms  a  black  non-magnetic  powder.' 

Cohaltic  oxide,  'Co^O^,  is  prepared  by  gently  igniting  cobaltous 
nitrate.  It  is  a  dark-brown  powder  which  dissolves  in  cold  acids, 
yielding  brown  solutions  of  unstable  cobaltic  salts.  On  warming  or 
evaporating  the  solutions,  decomposition  ensues — in  the  case  of  the 
hydracids  with  evolution  of  halogen,  in  the  case  of  the  oxy-acids 
with  evolution  of  oxygen — and  a  cobaltous  salt  remains  in  solu- 
tion. 

Cohaltic  hydrate,  'COaHog,  is  obtained  as  a  black  amorphous 
precipitate  by  adding  an  alkaline  hypochlorite  to  the  solution  of  a 
cobaltous  salt.    It  behaves  towards  acids  like  cobaltic  oxide. 


0XY-8ALTS  OF  COBALT. 

Cohaltous  nitrate,  NaO^Coo^jGOHg,  forms  red,  very  soluble 
deliquescent  monoclinic  prisms. 

Cohaltous  carhonate,  COCoo". — The  anhydrous  salt  is  obtained  in  bright-red 
microscopic  octahedra  by  heating  cobaltous  chloride  to  140°  with  a  solution  of  hydric 
sodic  carbonate  which  has  been  previously  saturated  with  carbonic  anhydride.  An 
aquate  of  the  formula  COCoo",60H2  is  prepared  by  mixing  a  solution  of  cobaltous 
nitrate  with  the  above  solution  of  hydric  sodic  carbonate  saturated  with  carbonic 
anhydride,  and  exposing  the  mixture  for  some  time  to  a  low  temperature. — Normal 
alkaline  carbonates  precipitate  from  solutions  of  cobaltous  salts  blue  or  violet  basic 
carbonates. 

Cobaltous  sulphate,  SO2C00". — This  salt  is  prepared  by  dis- 
solving the  oxide,  hydrate,  or  carbonate  in  sulphuric  acid.  Its 
solutions  deposit  at  ordinary  temperatures  dark-red  monoclinic 
crystals  of  dihydric  cobaltous  sulphate,  SOHo2Coo",60H2,  isomor- 
phous  with  ferrous  sulphate.  The  same  salt  occurs  native  as  cobalt 
vitriol.  Various  other  aquates  are  known. — Cobaltous  sulphate 
forms  with  the  sulphates  of  the  alkalies  double  salts,  which  cor- 
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respond  exactly  with  the  double  sulphates  of  zinc,  magnesia,  etc., 
with  the  alkalies.    Thus,  dipotassic  cobaltous  sulphate, 

forms  monoclinic  crystals. 

Cohaltous  phosphate. — The  normal  salt,  P202Coo"3,  is  obtained  as  a  rose-red 
hydrated  precipitate  when  hydric  disodic  phosphate  is  added  to  the  solution  of  a 
cobaltous  salt. — Hydric  cohaltous  phosphate,  2POHoCoo",50H2,  is  prepared  by 
dividing  a  quantity  of  the  foregoing  salt  into  two  equal  portions,  dissolving  the  one 
portion  in  the  smallest  possible  quantity  of  hydrochloric  acid  and  then  adding  the 
other.    It  forms  thin  violet  laminee. 

Cohaltous  arsenate. — The  normal  salt,  As202Coo"3,80H2,  occurs  native  as  cobalt- 
bloom  or  ert/thrine  in  peacli-blossom-coloured  needles,  or  in  earthy  incrustations. 
This  mineral  has  been  formed  by  the  spontaneous  oxidation  of  speiss-cobalt  and 
other  native  arsenides  of  cobalt.  Zaffre  is  an  impure  basic  arsenate  of  cobalt,  pre- 
pared by  roasting  speiss-cobalt.  It  is  employed  in  painting  on  glass  and  porcelain, 
for  which  pua-pose  it  must  be  free  from  iron. 

Silicates  of  Cobalt. — These  have  not  been  prepared  in  a  state  of 
purity.  When  an  alkaline  silicate  is  added  to  the  solution  of  a 
cobaltous  salt  a  blue  hydrated  silicate  of  cobalt  is  precipitated. 
Smalt  is  a  cobalt-potash  glass — a  mixed  silicate  of  cobalt  and 
potassium.  In  a  finely  ground  condition  it  is  employed  as  a  blue 
pigment.  It  is  prepared  on  a  large  scale  from  speiss-cobalt  or 
cobalt-glance.  The  ore  is  roasted  at  a  low  temperature,  so  as  to 
oxidise  the  cobalt,  leaving  the  nickel,  iron,  and  other  impurities, 
the  presence  of  which  would  be  detrimental  to  the  purity  of  colour 
of  the  smalt,  as  far  as  possible  unaltered.  The  roasted  ore  is  then 
fused  with  quartz-sand  and  potashes.  The  oxidised  cobalt  is 
taken  up  by  the  silica  and  unites  with  the  potassic  silicate  to 
form  smalt,  whilst  the  nickel,  iron,  copper,  bismuth,  arsenic,  etc., 
collect  as  a  regulus  at  the  bottom  of  the  melting-pot.  The  glass 
is  then  finely  ground  under  water.  It  contains  from  6  to  7  per 
cent,  of  cobalt  and  from  60  to  70  per  cent,  of  silica.  Smalt  is  less 
frequently  employed  as  a  pigment  than  formerly,  owing  to  the 
introduction  of  artificial  ultramarine ;  but  it  possesses  the  ad- 
vantage over  the  latter  pigment  of  not  being  altered  by  acids. 

Two  other  cobalt  pigments  are  also  manufactured :  TJienard's 
Hue  or  cobalt  ultramarine,  which  is  obtained  by  precipitating 
mixed  solutions  of  ahim  and  cobaltous  sulphate  with  sodic  car- 
bonate and  igniting  the  precipitate ;  and  Rinmann's  gixen,  which 
is  prepared  in  a  similar  manner  by  igniting  the  j)recipitate  pro- 
duced by  sodic  carbonate  in  mixed  solutions  of  cobaltous  sulpliate 
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and  zincic  sulphate.    Nothing  is  known  concerning  the  constitu- 
tion of  these  pigments. 

It  has  already  been  mentioned  (p.  772)  that  the  simple  cobaltic 
salts  are  capable  of  existing  only  in  solution.  Double  cobaltic 
salts  are,  however,  known  which  possess  a  considerable  degree  of 
stability. 

Potassic  cobaltic  nitrite,  N60e('Co'"206)^S6NOKo.— Tliis  salt  is 
formed  as  a  yellow  crystalline  precipitate  when  potassic  nitrite  is 
added  to  the  solution  of  a  cobaltous  salt  acidified  with  acetic  acid. 
Nitric  oxide  is  evolved  in  the  reaction : — 

2C0CI2   +   lONOKo  +  4NOHo  =  N606('Co'"206)vi,6NOKo 

Cobaltous  Potassic  Nitrous  Potassic  cobaltic  nitrite, 

chloride.  nitiite.  acid. 

+    4KC1    +  2'N"0    +  2OH2. 

Potassic  Nitric  Water, 

chloride,  oxide. 

COMPOUNDS  OF  COBALT  WITH  SULPHUB. 

Cobaltous  sulphide,  CoS",  is  formed  as  a  grey,  metallic, 
crystalline  mass  when  cobalt  is  fused  with  sulphur.  It  may  be 
obtained  in  long,  thin,  very  lustrous  needles  of  a  yeUowish-gi-ey 
colour  by  fusing  a  mixture  of  anhydrous  cobaltous  sulphate  and 
baric  sulphide  with  an  excess  of  sodic  chloride.  Ammonic  sulpiride 
precipitates  from  solutions  of  cobaltous  salts  black  amorphous 
hydrated  cobaltous  sulphide,  scarcely  soluble  in  cold  dilute  hydro- 
chloric acid.  Concentrated  hydrochloric  acid  dissolves  it  with 
evolution  of  sulphuretted  hydrogen. 

Other  sulphides,  'Co^^'\  and  CoS"2,  are  obtained  by  heating 
cobaltous  sulphide  with  sulphur  in  a  current  of  hydrogen. 

Cohaltous  dicohaltic  tetrasulphide,  'COgS^'gCos",  occurs  native  in 
steel-grey  or  copper-red  regular  octahedra  as  the  mineral  colult- 
pyrites. 

AMMONIUM  COMPOUNDS  OF  COBALT (COBALTAMINES). 

The  cobaltaniines  are  of  two  classes— cobaltous  and  cobaltic. 
Their  salts  possess  the  empirical  composition  of  additive  com- 
pounds of  one  molecule  of  a  cobaltous  or  a  cobaltic  salt  with  a 
certain  number  of  molecules  of  ammonia.  The  salts  of  the  firet 
class  are  formed  by  the  direct  union  of  gaseous  ammonia  with 
ar  hydrous  cobaltous  salts.    In  the  formation  of  the  cobaltamiues  • 
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of  the  second  class  the  oxygen  of  the  air  also  plays  a  part.  Thus 
the  solution  of  a  cohaltous  salt  in  aqueous  ammonia  rapidly  absorbs 
oxygen  and  is  converted  into  a  cobaltic  ammonium  base.  Various 
bases  belonging  to  this  class  are  known.  They  all  possess  charac- 
teristic colours,  and  from  these  their  names  are  derived. 

a.  Cohaltous  Ammonium  Compounds. 
Cohaltosammonic  chlorides. — AnliydrouB  cobalLous  cliloride  absorbs  dry  ammonia 

NH3 

gas,  and  is  conTcrted  into  the  compound  CoCl2,6NH3  =  -{  Co"      ,  which,  is  thus 

NH3 
^NHaCl 

obtained  as  a  pale  pink  powder.  The  same  compound  is  deposited  in  red  octahedral 
crystals  when  the  chloride  is  dissolved  in  concentrated  aqueous  ammonia  and  the 
solution  allowed  to  stand  in  a  well-stoppered  bottle.  When  heated  to  120°  it  parts 
with  four  molecules  of  ammonia  and  is  converted  into  cohaltoso-diammonic  dichloride 

rNHjCl 
\  Co"  . 
LNH3CI 

A  nitrate  of  the  empirical  formula  N202Coo",6NIl3,20H2,  and  a  sulphate, 
S02Coo",6Nfl3,  have  also  been  prepared. 


J.  Cobaltic  Ammonium  Compounds, 

These  may  be  divided  into  four  principal  series,  of  which  the  chlorides  may 
serve  as  examples  : — 

Empirical 
formula. 

Dicobaltic-hexammonic  {dichro-eohaltic)  chloride   . .  'CooClgjGNHs. 
Dicobaltic-octammonic  (praseo-  and  fusco-cobaltic)  \  'q^q^  SNH- 

chloride  J  ^" 

Dicobaltic-decammonic  {rosea-  and  purpureo-cobal- 1  iONH 

tic)  chloride  J       ^  ^' 

Dicobaltic-dodecammonic  (luteo-cobaltic)  chloride  . .  'CooClg.iaKTHg. 

The  coZowr-names  (see  above)  are  given  in  brackets.  It  will  be  observed  that  some 
of  these  bases  exist  in  isomeric  modifications. 

The  above  compounds  behave  like  chlorides  of  complex  ammonium  bases.  Thus 
the  chlorine  may  be  replaced  by  hydroxyl,  and  the  resulting  compounds  are  hydrates 
possessing  an  a^ialine  reaction  and  a  purely  alkaline,  as  opposed  to  a  metallic,  taste. 
Again  the  chlorides  form  double  compoimds  with  platiniu  and  auric  chlorides. 

,  NH3CI 

fCo— NH3CI 
I  NJI.  CI 

Dickro-cobaltic  chloride  {JDicobaltic  hexammonic  chloride)  <         NR.  CI  >^^^2- — 


Co— NH3CI 
NH3CI 


This  compound  is  formed  when  a  solution  of  cobaltous  chloride  in  aqueous  ammonia 
is  exposed  to  the  air  untQ  the  separation  of  black  cobaltic  hydrate  commences.  On 
adding  an  excess  of  couceutrated.  hydivchloric  acid  and  allowing  the  liquid  to  stand 
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I'raseo-co'balUc  chloride, 


Roseo-colaltic  chloride. 


for  some  Ume  the  cobaltamme  chloride  is  deposited  in  dark-coloured  laminfe  or 
feather-shaped  crystals.  The  dichroism  of  this  compound  is  best  exhibited  by 
breaking  a  large  crystal :  the  splinters  display  different  colours. 

I  NHoCNvHJCl 

-Co— NH,C1 

'  NH.Cl  „  _ 

I  NH3CI  jSOHj. — This  compound  is  gene- 

.Co— NH3CI 
I — NH2(NvHJCl 

rally  formed  along  with  tlie  preceding  and  other  cobaltamines,  remaining  in  the 
filtrate  after  these  have  been  precipitated  with  concentrated  hydrochloric  acid.  On 
saturating  the  liquid  witli  ammonic  chloride  the  praseo-compound  separates  in 
bright-green  ghstening  needles. 

I  NHs'.FvH.lCl 

-Co— NH2(N^H4)C1 
I  IfJJ  01 

^  NH3CI  jSOHj. — If  a  solution  of  cobaltous 

.Co— NH2(NvHJCl 
" — NH2(N^H4)C1 

chloride  in  aqueous  ammonia  be  oxidised  by  exposure  to  the  air  until  a  sample  on 
testing  with  excess  of  strong  hydrochloric  acid  no  longer  assumes  a  blue  colour,  the 
liquid  contains  the  roseo-compound.  This  may  be  separated  by  supersaturating  the 
solution  with  strong  hydrochloric  acid,  carefully  avoiding  any  rise  of  temperature, 
wheu  the  roseo-salt  is  deposited  as  a  brick-red  powder.  The  two  molecules  of  water, 
which  in  the  above  formulae  are  represented  as  water  of  crystallisation,  are  in  reality 
water  of  constitution,  inasmuch  as  they  cannot  be  expelled  without  converting  the 
compound  into  purpureo-cobaltic  chloride,  a  salt  which,  though  differing  totally  in 
Its  properties  from  the  roseo-salt,  possesses  the  same  chemical  composition,  excepting 
that  it  is  anhydrous.  The  purpureo-salt  cannot  be  converted  into  the  roseo-salt 
merely  by  recrystallising  from  water.  The  dry  roseo-salt  slowly  changes  at  ordinai-y 
temperatures  into  the  purpureo-salt.  This  change  takes  place  more  rapidly  in 
solutions,  and  on  boiling  is  practically  instantaneous. 
A  number  of  other  roseo-salts  have  been  prepared. 

Purpureo-cohaltic  chloride. — This  compound  possesses,  as  above  stated,  the  same 
composition  as  the  foregoing,  less  two  molecules  of  water.  It  is  obtained  by  the 
same  process  as  the  roseo-salt,  except  that  after  supersaturating  with  strong  Iiydro- 
chloric  acid  the  liquid  is  heated  to  boiling.  The  red  powder  which  separates  is 
purified  by  recrystallisation  from  hot  dilute  hydrochloric  acid.  The  compound  is 
thus  obtained  in  small  purple  crystals.  It  may  be  converted  into  the  roseo-com- 
pound by  dissolving  in  dilute  aqueous  ammonia  and  adding  the  solution  drop  by 
drop  to  carefully-cooled  strong  hydrochloric  acid. 

The  salts  of  the  purpureo-base  with  the  various  other  acids  have  also  been 
prepared. 

r-NH2(N''H,,)Cl 
[-Co— NH2(NvH4)Cl 

Luteo-colaltic  chloride,  <    ^  NH^(NvH4jci  method  of  preparing  the 

Lco^n-h;(NvH4)ci 

I  NH2(N^H4)C1 

luteo-  or  dodeeamine-compounds  yielding  perfectly  certain  results  has  yet  been 
discovered.  They  are  formed  along  with  the  other  cobaltamines  in  the  oxidation  of 
ammoniacal  solutions  of  cobaltous  salts,  especially  in  presence  of  ammonic  cliloride, 
and  must  be  sejjarated  from  these  by  systematic  crystallisation.  Luteo-cobaltic 
chloride  crystallises  in  reddish-yellow  monoclinic  prisms. 
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The  above  list  includes  only  the  principal  cobaltamines.  Various 
other  complex  bases  of  this  class  have  been  prepared. 

General  Peoperties  and  Eeactions  of  the  'Compounds  of 
Cobalt. — The  aquates  of  the  cobaltous  salts  are  usually  red ;  the 
anhydrous  salts  are  blue.  With  caustic  alkalies  their  solutions 
yield  in  the  cold  a  blue  precipitate  of  a  basic  salt,  which  on  boiling 
is  converted  into  pink  cobaltous  hydrate.  Ammonia  produces  a 
similar  precipitate,  soluble  in  excess,  yielding  a  reddish  solution 
which  absorbs  oxygen  from  the  air  and  becomes  reddish-brown. 
In  presence  of  salts  of  ammonia  no  precipitate  is  produced  on 
addition  of  ammonia.  Sulphuretted  hydrogen  gives  no  precipitate 
in  presence  of  strong  acids ;  ammonic  sulphide  precipitates  black 
hydrated  cobaltous  sulphide,  insoluble  in  alkalies  and  alkaline 
sulphides,  scarcely  soluble  in  dilute  hydrochloric  acid,  readily 
soluble  in  aqua-regia.  Potassic  ferrocijanide  gives  a  green  precipi- 
tate of  cobaltous  ferrocyanide  (Co"2l'e"Cyg),  and  potassic  ferri- 
cyanide  a  reddish-brown  precipitate  of  cobaltous  ferricyanide 
(Co"3're"'2^yi2)-  Potassic  cyanide  precipitates  pale-brown  cobaltous 
cyanide,  which  dissolves  in  an  excess  of  the  alkaline  cyanide, 
yielding  a  double  cyanide  of  potassium  and  cobalt.  From  this 
solution  acids  precipitate  cobaltous  cyanide.  If,  however,  to  the 
solution  containing  the  double  cyanide,  together  with  an  excess  of 
potassic  cyanide,  a  small  quantity  of  hydrochloric  acid  insufficient 
to  cause  a  precipitate  be  added,  and  the  liquid  be  boiled,  potassic 
cobalticyanide  (Kg'Co"'2Cyi2)  is  formed,  and  in  the  solution  of  this 
salt  neither  acids  nor  ammonic  sulphide  occasion  a  precipitate. 
(Distinction  between  the  compounds  of  cobalt  and  nickel.)  All 
the  compounds  of  cobalt  when  heated  with  sodic  carbonate  on 
charcoal  in  the  reducing  flame  yield  shining  white  metallic  particles 
wliich  are  attracted  by  a  magnet.  Cobalt  compounds  colour  the 
borax  and  microcosmic  salt  beads  deep-blue,  both  in  the  oxidising 
and  in  the  reducing  flame.    They  do  not  yield  a  flame-spectrum. 

NICKEL,  m 

Atomic  weight  =  58*6.  Molecular  weight  tmJcnoiun.  Sp.  gr.  8-9. 
Atomicity",  and  ?  Also  a  pseudo-triad.  Evidence  of 
atomicity : — 

Nickelous  chloride    Ni"Cl2. 

Nickelic  disulphide   Ni'^S'^ 
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MckeHc  oxide   rNi'"0^ 

History.-MeiKWio  nickel  was  first  obtained  by  Cronstedt  in 
1751. 

Occurrence.-mc^Vel  occurs  in  the  native  state  in  meteoric  iron 
ot  which  It  IS  an  invariable  constituent.  Its  chief  ores  are  its 
compounds  with  arsenic,  antimony,  and  sulphur;  and  in  these  it  is 
geueraUy  associated  with  cobalt.  Kupfer  nickel,  so  called  from  its 
copper-red  colour,  is  a  dinickelous  diarsenide,  /  '^^S- ;  this  is  the 
most  important  ore  of  the  metal.  A  nickelous  diarsenide,"  |;^gNi 
also  occurs  as  arsenical  nickel.  Other  minerals  are  millerite  or 
mckel  blende,  a  nickelous  sulphide,  NiS";  nickel  glance,  a  sulph- 

arsenide,  ||;g(Ni"S")"2;  and  hreUliauptite,     dinickelous  dianti- 

monide,  In  Kew  Caledonia  a  source  of  nickel  has  lately 

been  discovered  in  the  mineral  garnierite,  a  nickelous  silicate  of 
the  formula  2Si403Nio''5,30H„  which  occurs  there  in  large  quanti- 
ties. This  ore  is  remarkable  as  being  free  from  cobalt.  Mckel 
has  been  detected  in  the  solar  atmosphere. 

Extraction. — The  process  of  extracting  nickel  from  its  ores  is 
identical  with  that  employed  in  the  extraction  of  cobalt  (p.  769) 
up  to  the  point  at  which  the  cobalt  is  precipitated  as  cobaltic  oxide 
by  bleaching-powder.  From  the  solution  thus  freed  from  cobalt 
the  nickel  is  precipitated  as  hydrate  by  the  addition  of  milk 
of  lime.  The  precipitate  is  ignited  and  afterwards,  in  order  to 
remove  the  excess  of  lime,  treated  with  dilute  hydrochloric  acid,  in 
wliich  the  ignited  oxide  of  nickel  is  insoluble.  The  purified  oxide 
is  reduced  by  heating  with  carbon. 

Pure  nickel  may  be  prepared  by  heating  pure  nickelous  oxalate 
with  exclusion  of  air.  .The  metallic  powder  thus  obtained  may  be 
fused  into  a  regulus  in  a  lime  crucible. 


I^qMo"    =    M    4-  2CO2. 

Nickelous  oxalate.  Carbonic  anhydride. 

Properties. — Nickel  is  almost  silver-white,  with  a  faint  yellowish 
tinge.  It  is  capable  of  taking  a  high  polish.  It  is  very  hard,  but 
at  the  same  time  maUeable  and  ductile.    Nickel  fuses  at  a  some- 
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what  lower  temperature  than  cobalt.  It  is  attracted  by  the 
magnet,  but  loses  this  property  at  a  high  temperature.  It  is  not 
oxidised  either  in  air  or  water  at  ordinary  temperatures,  and  is 
oxidised  only  with  difficulty  when  heated  in  air.  It  decomposes 
steam  slowly  at  a  red-heat  and  is  converted  into  nickelous  oxide. 
It  dissolves  slowly  in  dilute  hydrochloric  and  sulphuric  acids,  but 
is  readdy  soluble  in  dilute  nitric  acid.  Concentrated  nitric  acid 
renders  it  "  passive  "  like  iron. 

The  commercial  metal  contains  carbon  along  with  traces  oi 
cobalt,  iron,  copper,  and  other  metals.  The  presence  of  carbon  has 
the  same  effect  upon  nickel  as  upon  iron:  it  diminishes  the 
malleability  and  lowers  the  fusing-point  of  the  metal. 

Mckel  plating.— Nickel  may  be  electrolytically  deposited  in  a  co- 
herent coating  from  a  solution  of  pure  diamvionic  nickelous  sulphate, 

SOaAmo^.Q,,^  A  plate  of  pure  nickel  serves  as  the  positive 
SOjAmo  r  r 

electrode.  Iron  and  steel  are  frequently  coated  with  nickel,  both 
on  account  of  the  beauty  and  permanence  of  the  metallic  surface 
thus  obtained,  and  also  as  a  protection  against  rust. 

Allmjs  of  nickel.— Nickel  yields  with  copper  valuable  alloys  of 
a  silver-white  colour.  The  material  of  the  small  comage  in  the 
United  States,  in  Germany,  in  Belgium,  m  Switzerland,  and  m 
BrazH,  is  an  alloy  of  1  part  of  nickel  with  3  of  copper.  As  this 
aUoy  is  more  valuable  than  copper,  the  coins  are  smaller  and  con- 
sequently more  portable  than  copper  coins  possessing  an  equal 
value,  whilst,  owing  to  the  hardness  of  the  alloy,  this  coinage  is 
also  very  durable.  Chinese  packfong  is  an  alloy  of  Copper,  nickel, 
and  zinc.  German  silver  or  nickel  silver  is  a  similar  alloy,  consisting, 
as  a  rule,  of  5  parts  of  copper,  2  parts  of  nickel,  and  2  parts  of  zinc. 
When  first  prepared  it  is  crystalline  and  brittle ;  but  by  roUing 
and  hammering,  heating  and  allowing  to  cool,  it  is  rendered 
tenacious  and  malleable. 


COMPOUNDS  OF  NICKEL  WITH  TEE  HALOGENS. 

Nickelous  chloeide,  NiClj,  is  obtained  as  a  yellow  earthy 
mass  by  dissolving  the  oxide  or  the  carbonate  in  hydrochloric  acid 
and  evaporating  the  solution  to  dryness.  It  may  be  sublimed  in  a 
current  of  chlorine,  and  is  thus  obtained  in  lustrous  golden-yellow 
lamina).    It  dissolves  in  water,  yielding  a  green  solution  which 
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cki3osits  on  evaporation  green  monocHnic  prisms  of  the  formula 


NiCKELOUS  OXIDE,  NiO,  occurs  native  as  the  rare  mineral 
hunsemte  m  green,  translucent,  regular  octahedra.  It  may  be 
obtained  artificially  in  crystals  by  heating  a  mixture  of  nickelous 
sulphate  and  potassic  sulphate  to  a  high  temperature.  In  the 
crystallised  condition  it  is  with  difficulty  attacked  by  acids.  By 
Igniting  the  hydrate  or  carbonate  it  is  obtained  as  a  grey  amor- 
phous powder,  readily  soluble  in  acids. 

^  Nickelous  hydruM,  NiHo2,  is  an  apple-green  precipitate;  ob- 
tained by  adding  caustic  alkalies  to  the  boihng  solution  of  a 
nickelous  salt.  The  precipitate  is  washed  with  hot  water  and 
dried.  Acids  dissolve  it  readily.  It  is  insoluble  in  potassic 
hydrate  and  sodic  hydrate,  but  ammonia  dissolves  it,  yielding  a 
blue  solution,  from  which  it  is  reprecipitated  as  a  green  crystal- 
line powder  on  expelling  the  ammonia  by  boiling. 

■NiCKELic  OXIDE,  'Ni203,  is  prepared  by  careful  ignition  of  the 
nitrate.  It  is  a  black  powder  which  dissolves  in  hydrochloric  acid 
with  evolution  of  chlorine,  and  in  sulphuric  acid  with  evolution  of 
oxygen.    Ammonia  dissolves  it  with  evolution  of  nitroo-en  : — 


COMPOUNDS  OF  NICKEL  WITH  OXYGEN. 
Nickelous  oxide   JfiO 


Mckelic  oxide, 


S'Ni^O.,    +    2NH3    =    6NiHo2    +  +  ^OH^. 

Nickelic  oiide.        Aaimonia.     Nickelous  hydrate.  Water!" 
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Nickelic  hydrate,  'NijHog. — This  compound  is  obtained  as  an 
amorphous  black  powder  when  chlorine  is  passed  through  water 
(or  preferably  through  a  sloution  of  an  alkaline  hydrate  or  car- 
bonate) in  which  nickelous  hydrate  is  suspended ;  or  by  wanning 
a  solution  of  a  nickelous  salt  with  an  alkaline  hypochlorite. 
Towards  acids  and  ammonia  it  behaves  like  nickelic  oxide. 

OXY-SALTS  OF  NICKEL. 

Nickelous  nitrate,  N204lN'io",60H2,  is  obtained  by  dissolving 
the  metal,  the  oxide,  or  the  carbonate  in  nitric  acid.  It  crystal- 
lises in  deliquescent  green  monoclinic  prisms. 

Nickelous  nitrite,  NoOjNio",  is  prepared  by  decomposing  nickelous  sulphate 
with  baric  nitrite  and  evaporating  the  filtrate  over  sulphimc  acid.  It  forms 
reddish-yellow  crystals,  which,  when  dry,  may  be  heated  to  100°  without  decom- 
position, but  in  solution  are  decomposed  at  80°  with  separation  of  a  basic  salt. — It 
forms  with  the  nitrites  of  other  metals  double  salts  :  thus  potassic  niclcelous  nitrite, 
N202Nio",41J'OKo,  and  haric  nickelous  nitrite,  lTo02Nio",2N202Bao".  On  adding 
potassic  nitrite  to  the  mixed  solution  of  a  nickel  salt  with  a  salt  of  barium,  stron- 
tium, or  calcium,  the  triple  salts, 

N2C>2Nio",N202Bao",2NOK:o  ;  N202iSrio",N202Sro",2NOKo  ;  and 
N202Nio",N202Cao",2NOKo, 

are  precipitated  as  sparingly  soluble  yellow  crystalline  powders,  consisting  of 
minute  octahedra.  These  salts  closely  resemble  in  appearance  potassic  cobaltic 
nitrite.  Owing  to  the  formation  of  these  salts  it  is  not  possible,  in  presence  of  the 
metals  of  the  alkaline  earths,  to  separate  cobalt  from  nickel  by  means  of  potassic 
nitrite. 

Nickelous  carbonate. — ^The  anhydrous  salt,  CONio",  forms  pale-green  micro- 
scopic octahedra  ;  the  aquate,  CONio",60n2,  crystallises  in  minute  rhombohedra 
or  prisms.    Both  are  obtained  like  the  corresponding  cobalt  compounds  (p.  772). 

ISTiCKELOUS  SULPHATE. — This  salt  is  obtained  by  dissolving 
metallic  nickel,  or  its  oxide,  hydrate,  or  carbonate,  in  dilute 
sulphuric  acid.  At  ordinary  temperatures  it  crystallises  from 
neutral  solutions  in  green  rhombic  prisms  of  the  formula 
SOHo2lSrio",60H2,  isomorphous  with  maguesic  sulphate.  At 
temperatures  between  30°  and  40°,  or  from  solutions  contain- 
ing an  excess  of  acid,  bluish-green  quadratic  pyramids  of  the 
formula  SOHo2]Srio",oOH2,  are  obtained.  This  aquate  is  also 
deposited  at  temperatures  above  50°  but  in  monoclinic  forms. 
100  parts  of  water  at  16°  dissolve  3 7 '4  parts  of  anhydrous  salt. — 
Anhydrous  nickelous  sulphate  absorbs  dry  ammonia  and  is  con- 
verted into  a  violet-white  powder  of  the  composition 

S02Nio",6NIi3. 
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— ^Tickelous  sulphate  forms  double  salts  with  the  sulphates  of  the 
alkaH  metals  and  ammonia.  Biammonic  nickelous  sulphate, 

a  salt  employed  in  nickel  electro-plating  (p.  779),  is  prepared  by 
adding  ammonic  sulphate  to  a  concentrated  solution  of  pure 
nickelous  sulphate.  The  double  salt  separates  as  a  crystaUine 
powder  and  is  purified  by  recrystallisation. 

Niolcelous  pJiosphate,  :P,0,Wxo'\,  is  formed  as  a  pale-green  hydrated  precipitate 
when  hydnc  disodic  phospbatfi  is  added  to  the  solution  of  a  nickel  salt.  On  heating 
it  becomes  anhydrous  and  turns  yellow.  ' 

NioTcelous  arsenate,  As,OoNio"3,80H2,  occurs  native  as  the  mineral  nickel 
bloom,  m  green  capillary  crystals  or  as  an  efflorescence. 


COMPOUNDS  OF  NICKEL  WITH  SULPHUR. 

Nickelous  sulphide,  NiS",  occurs  native  as  milhrite  or 
cAtpillary  pyrites  in  brass-yellow  hexagonal  and  generally  capillary 
crystals.  It  is  formed  when  nickel  and  sulphur  are  heated 
together.  Ammonic  sulphide  precipitates  from  solutions  of  nickel 
salts  black  hydrated  amorphous  nickelous  sulphide,  and  if  yellow 
ammonic  sulphide  has  been  employed,  an  excess  of  this  precipitant 
dissolves  a  portion  of  the  precipitate,  yielding  a  brown  solution. 
The  precipitate  is  slowly  oxidised  by  exposure  to  the  air  when 
moist.  The  precipitated  compound  dissolves  with  difficulty  in 
liydrochloric  acid ;  and  this  acid  is  totally  without  action  upon  the 
native  sulphide  or  upon  that  prepared  in  the  dry  way. 

NicJcelio  disulpliide,  NiS"2,  is  obtained  by  fusing  a  mixture  of  nickelous  car- 
bonate and  sodic  carbonate  with  an  excess  of  sulphur.  On  extracting  the  mass 
with  water  the  disulphide  remains  as  a  dark  iron-grey  impalpable  powder. 

General  Properties  and  Eeactions  of  the  Compounds 
OF  Nickel. — The  aquates  of  the  salts  of  nickel  are  of  an 
apple-green  colour;  the  anhydrous  salts  are  yellow.  Caustic 
alkalies  precipitate  pale-green  nickelous  hydrate,  which  is  not 
altered  either  by  boiling  or  by  exposure  to  air.  Ammonia  giveg  a 
similar  precipitate,  soluble  in  excess,  yielding  a  greenish-blue 
liquid ;  in  presence  of  salts  of  ammonia  no  precipitate  is  formed. 
Sulphuretted  hydrogen  produces  no  precipitate  in  solutions  with 
strong  acids ;  ammonic  sulphide  precipitates  black  hydrated  nickel- 
ous sulphide,  slightly  soluble  in  excess,  yielding  a  brown  solution. 
The  sulphide  is  scarcely  soluble  in  dilute  hydrochloric  acid,  readily 
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soluble  in  aqua-regia.  Potassic  ferrocyanide  precipitates  greenish- 
white  nickelous  ferrocyanide  (Ni"2Fe"Cyg)  j  potassic  ferrieyanide 
precipitates  yellowish-brown  nickelous  ferrieyanide 

(Ni"VFe-,Cy,,). 

Potassic  cyanide  produces  a  yellowish-green  precipitate  of  nickelous 
cyanide,  soluble  in  excess  of  the  precipitant  with  formation  of  a 
double  salt.  From  this  solution  acids  reprecipitate  nickelous 
cyanide,  and  if  the  solution  be  warmed  with  sodic  hypochlorite 
the  nickel  is  precipitated  as  black  hydrated  nickelic  oxide.  (Cobalt 
is  not  precipitated  under  these  circumstances  by  sodic  hj^po- 
chlorite.)  The  compounds  of  nickel,  when  heated  with  sodic 
carbonate  on  charcoal  in  the  reducing  flame,  yield  white  shining 
magnetic  particles  of  metallic  nickel.  With  borax  and  micro- 
cosmic  salt  the  compounds  of  nickel  yield  characteristically 
coloured  fluxes.  In  the  oxidising  flame  the  borax  bead  is  violet 
while  hot,  reddish-brown  when  cold ;  the  microcosmic  salt  bead  is 
red  or  reddish-brown  while  hot,  yellow,  or  reddish-yellow  when 
cold.  In  the  reducing  flame  the  microcosmic  salt  bead  undergoes 
no  change,  whilst  the  borax  bead  turns  grey  and  clouded,  owing 
to  the  separation  of  metallic  nickel.  The  nickel  compounds  do 
not  colour  flame. 

NOHWEGIUM,  Ng. 

Atomic  weight  =  214  ?    Sp.  gr.  9'441.    I'uses  at  254°. 

This  rare  metal  has  been  recently  discovered  by  Dahll  in  a  specimen  of  ISTorwegian  ■ 
nickel  glance.  Very  little  is  yet  known  concerning  it.  In  most  of  its  properties  it 
closely  resembles  bismuth,  but  differs  from  this  element  in  the  solubihty  of  its  oxide 
in  an  excess  of  potassic  hydrate,  or  of  alkaline  carbonates,  on  boiling.  Assuming 
the  correctness  of  the  above  atomic  weight,  the  oxide  possesses  the  foi'mula  NgsOs- 
Excess  of  water  decomposes  its  salts  with  precipitation  of  basic  compounds. 
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*#*  In  order  that  names  of  compounds  may  as  far  as  possihle  appear  tinder  the 
headings  of  their  respective  elements,  the  numer  ical  prefixes  di,  tri,  <^c.,  have  been 
omitted  in  the  Index,  except  in  cases  where  they  serve  to  distinguish  compounds  that 
might  otherwise  be  confounded. 


Abeatjmsalz,  578. 

Absorption  of  gases  by  charcoal,  201. 
Accumulators,  electrical,  91. 
Acid,  arsenic,  409. 

,,    arsenious,  408. 

,,    aiiric,  631. 

„    bisulphurettedliyposulphurie,  3( 

„    boracic,  196. 

,,    boric,  196. 

,,    bromic,  319. 

„    carbonic,  216. 

„    chlorhydric,  158. 

„    cbloric,  184. 

„    chlorochi'omic,  737. 

„    chlorous,  172. 

„    chromic,  732. 

„    chromoiis,  732. 

,,    disulphodithionic,  302. 

„    dithionic,  300. 

„    dithionous,  300. 

„    ferric,  7G5. 

„    graphitic,  205. 

„    hydriodic,  323. 

,,    hydro  bromic,  316. 

,,    hydrochloric,  153. 

„    hydrofluoboric,  194. 
„    hydrofluoric,  333. 
„    hydrofluosiUcic,  343. 
„    hydroselenic,  308. 
„    hydro.sulphuric,  267. 
„    hydrosulphurous,  300. 

hypobromoiis,  318. 
„    hypochlorous,  182. 
,,    hyponitrous,  233. 
„    hypophosphoric,  392. 
"    typophospliorous,  383. 
,,    hyposiilphuric,  300. 

hyposulphurous,  298. 
„    iodic,  327. 
„    manganic,  748. 
„    mctabismuthic,  435. 
„    metabismuthous,  434. 
,,    metaboric,  197. 
metantimonic,  426. 


Acid,  metantimonic,  of  Fremy,  426. 
,,    metantimonious,  424. 
,,    metaphosphoric,  387. 
,,    metarsenic,  410. 

,,    metastannic,  356. 

„    metatungstic,  721. 

„    molybdic,  714. 
muriatic,  153. 

„    nitric,  224. 

„    nitrous,  235. 

,,    Noi'dhaiisen  sulphuric,  £95. 

,,    orthantimonic,  425. 

,,    ortharsenic,  410. 

,,    orthoboric,  196. 

„    orthophosphoi'ic,  390. 

„    osmic,  690. 

„    parantimonic,  426. 

„    pentathionic,  303. 

„    perchloric,  186. 

,,    perchromic,  729. 

,,    periodic,  330. 

,,    permanganic,  749. 

,,    phosphomolybdic,  716. 

„    lohosphoric,  390. 

,,    phosphorosophosphoric,  392. 

,,    phosphorous,  385. 

,,    platinonitrous,  675. 

„    loyrantimonic,  426. 

„    joyi-arsenic,  410. 

,,    pyrophos23liamic,  399. 

,,    pj  rophosphodiamic,  399. 

„    pyrophosplioric,  389. 

,,    pyrophosphotriamic,  399. 

„    j)J^'°^u]phuric,  295. 

,,    selenic,  310. 

,,    selenious,  309. 

,,    silicic,  345. 

,,    silicon-oxalic,  341. 

„    silico-tungstic,  723. 

,,    stannic,  356. 

,,    sulphhydric,  267. 

,,    sulphindic,  642. 

„    suljjhocarbonic,  277. 

„    sulphodithiouic,  301. 
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Acid,  sulphuretted  hyposulphuric,  301. 
,,    Bulpliuric,  287. 
„    Bulplnirous,  282. 
„    telluric,  313. 
„    tellurous,  312. 
„    tetratliionie,  302. 
„    thiosulphurie,  298. 
„    titanic,  362. 
,,    trisulplioditbionic,  303. 
„    trisulphuretted  hjdrosulphuric, 
303. 

„    trithionic,  301. 

„    tungstic,  720. 

„    tungstic,  colloidal,  721. 

„    tungsto-silicic,  723. 

„    vanadic,  400. 
Acids,  definition  of,  10. 
Mthiofs  mineralis,  607. 
Affinity,  chemical,  2,  86. 
After-damp,  210. 
Agalmatolite,  653. 
Air,  252. 
„   analyses  of,  254. 
„   not  a  compound,  258. 
Alabaster,  536. 
Albite,  654. 

Aldebaran,  elements  detected  in,  449. 

Alkali  waste,  261. 

Allophane,  653. 

Allotropy,  98. 

Alloys,  454. 

Alum,  649. 

„     sliale,  651. 
„     stone,  650. 
Alumina,  647. 
Aluminates,  618. 
Aluminic  bromide,  646. 

,,       chloride,  645. 

,,       fluoride,  646. 

,,       hydrate,  648. 

„       hydrate,  colloidal,  648. 

,,       iodide,  646. 

„       manganous  sulphate,  747. 

„       nitrate,  649. 

,,       oxide,  647. 

,,       oxydihydrate,  648. 

„       oxytetrahydrate,  648. 

„       phosphate,  652. 

„       silicate,  653. 

„       sodic  fluoride,  646. 

„       sulphate,  649. 

„       sulphide,  658. 
Aluminio-sodic  fluoride,  474. 
Aluminite,  649. 
Aluminium,  643. 

„         bronze,  645. 
„         general  properties  and  reac- 
tions of  the  compounds 
of,  658. 

Alums,  649. 
Alunite,  650. 


Amolgamation  process  for  extraction  of 

silver,  500. 
Amalgams,  600. 
Amidogen,  67. 
Ammonia,  243. 

„       alum,  652. 

„       chrome  alum,  731. 

,,        gallium  alum,  660. 
Ammonia-soda  process,  477. 
Ammoniacal  cobalt  compounds,  774. 

„  mercury  compounds,  609. 

„  platinum  compounds,  670. 

Ammonic  borate,  497. 

,,       bromate,  494. 

„       bromide,  492. 

„       carbonate,  494. 

„       chlorate,  494. 

„       chloride,  491. 

,,       chlorostannate,  355. 

„       chromate,  734. 

,,       dichromate,  734. 

,,       di-iridie  chloride,  683. 

„       dithionate,  496. 

,,       ferrous  sulphate,  764. 

„       fluoride,  492. 

„       heptasulphide,  498. 

„       hydrate,  493. 

„       hyposulphite,  496. 

,,       indie  sulphate,  642. 

,,       iodate,  494. 

„       iodide,  492. 

„       iridic  chloride,  684. 

,,       magnesic  chromate,  735. 

,,       nickelous  sulphate,  762. 

„       nitrate,  493. 

„       nitrite,  493. 

„       palladic  chloride,  680. 

,,       pentasulphide,  498. 

,,       perchlorate,  494. 

,,       permanganate,  750. 

„       phosi^hate,  496. 

„       phosphomolybdate,  716. 

„       platinic  chloride,  491. 

,,       platinonitrite,  675. 

„       potassic  sulphate,  495. 

„       pyrophosphate,  487. 

,,       pyrosiilphite,  496. 

,,       silicofluoride,  493. 

„       sodic  phosphate,  497. 

„       sodic  sulpbate,  496. 

,,       sulphate,  495. 

„       sulphhydrate,  497. 

,,       suliDhide,  497. 

„       sulphite,  496. 

„       thiosulphate,  496. 

„       tungstate,  722. 

„       uranate,  710. 
Ammonium,  67,  249. 

„         amalgam,  249. 
„         general  properties  and  re- 
actions of  the  salts  of,  498. 
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Ammonium,  salts  of,  491. 
Ammoiioxyl,  67. 
Analcime,  653. 
Anatase,  362. 
Andalusifce,  653. 
Anglesite,  703. 
Anhydride,  antimonic,  435. 

„        antimonious,  422. 

„        arsenic,  409. 

„        arsenious,  407. 

,,        auric,  631. 

,,        bismuthic,  434. 

,,        boracic,  195. 

„        boric,  195. 

,,        carbonic,  207. 

„        carbonic,  decomposition  of 
by  plants,  163. 

„        chlorous,  non-existence  of, 
179. 

„        chromic,  729.  ^ 

„        hypoohlorous,  180. 

„        hyponitroiis,  231. 

„        iodic,  327. 

„        molybdic,  714. 

„        nitric,  229. 

„        nitrous,  234. 

„        osmio,  690. 

„        permanganic,  745. 

„        persulphuric,  297. 

„        phosphoric,  386. 

„        phosphorous,  384. 

„        selenious,  309. 

„        silicic,  344. 

„        silicoformic,  341. 

„        stannic,  355. 

„        sulphantimonic,  428. 

„        sulphantimonious,  427. 

„        sulpharsenic,  413. 

„        siilpharsenioua,  412. 

„        sulphuric,  285. 

„        sulphurous,  279. 

„        telluric,  313. 

,1        tellurous,  312. 

„        titanic,  362. 

„        tungstic,  720. 

„        uranic,  708. 
vanadic,  401. 
Anhydrides,  definition  of,  10, 12. 
Anhydrite,  535. 
Anorthite,  348. 
Anthracite,  204. 
Anthrosiderite,  765. 
Antimonic  chloride,  421. 
„        fluoride,  422. 
,)        oxytrichloride,  421. 
>,        sulphide,  428. 
),         sulphotriohloride,  421. 
tetrethochloride,  416. 
Antimonious  amylide,  419. 

)(         argentide,  41 9. 

),         bromide,  422. 


» 


Antimonious  chloride,  419. 
„         othide,  4l9. 
„         fluoride,  422. 
„         hydride,  418. 
„         iodide,  422. 
„         oxide,  422. 
„         oxybromide,  422. 
oxyehloride,  420. 
oxyfluoride,  422. 
oxyiodide,  422. 
sulphide,  427. 
,,  zincide,  419. 

Antimoniuretted  hydrogen,  418. 
Antimony,  416. 

„        amorphous,  417. 
,,        copper  glance,  428. 
„        crystalline,  416. 
„        general  properties  and  reac- 
tions of,  429. 
„        ochre,  416. 
Antiraonylic  antimonate,  424. 
Apatite,  392,  537. 
Apjohnite,  747. 
"  Aq,"  use  of  symbol,  479. 
Aquafortis,  224. 
Aquamarine,  590. 
Aqua-regia,  228. 
Aquates,  15. 
Aqueous  vapoui-,  255. 
Argentic  amide,  514. 
,,      arsenate,  513. 
,,       arsenite,  513. 
„       bromate,  511. 
„       bromide,  506. 
,,      carbonate,  511. 
„       chlorate,  511. 

chloride,  505. 
„      chromate,  736. 
,,      dichromate,  736. 
„      dithionate,  512. 
,,      fluoride,  507. 
,,       hyposulphite,  512. 
„      iodate,  511. 
„      iodide,  506. 
„      metaphosphate,  513. 
„       nitrate,  510. 
,,       nitrite,  510. 
,,      orthophosphate,  512. 
,,      oxide,  508. 
„       periodate,  511. 
,,       permanganate,  750. 
,,       peroxide,  509. 
„      phosphate,  512. 
,,      phosphide,  514. 
,,      pyrophosphate,  513. 
,,       sulphantimouite,  514. 
,,      sulpharsenite,  514. 
„       sulphate,  511. 
,,       sulphide,  513. 
,,      sulphite,  512. 
„      thiosulphate,  5  L2. 
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Argentite,  513. 
Argentous  oxide,  508. 

,,       cliloi'ide,  50(3. 
Argillaceous  iron  ore,  753. 
Arragonite,  535. 
Ari»cnate8,  410,  414. 
Arsenic,  402. 

,,      fluoride,  406. 

„      general  properties  and  reactions 

of  the  compounds  of,  413. 
„      poisoning,  antidote  for,  408. 
„      sulphide,  413. 
Arsenical  iron,  402. 
„       nickel,  778. 
:,       pyrites,  402. 
Arsenioua  bromide,  406. 

,,       chlorhydrate,  406. 
„       chloride,  405. 
„       fluoride,  406. 
,,       hydride,  404. 
„       iodide,  406. 
.,       sulphide,  412. 
,,       sulphide,  colloidal,  413. 
Arseuitfts,  408,  414. 
Arseuiuretted  hydrogen,  404. 
Artiads,  58. 
Atacamite,  619. 
Atmosphere,  252. 

composition  of,  253. 
„         weight  of,  252. 
Atom,  definition  of,  33. 
"  Atomic  analogues,"  77. 
Atomic  heat,  45. 
,,      theory,  19. 
„      weight,  definition  of,  36. 
,,      weight,    determination  of  by 

Avogadro's  law,  36. 
,,      weight,    determination   of  by 

means  of  isomorphism,  40. 
,,      weight,  determination  by  Neu- 
mann's law,  48. 
„      weight,    determination   of  by 

means  of  specific  heat,  44. 
„      weights,  list  of,  7. 
,,      volume,  80. 
„      volumes,  curve  of,  78. 
Atomicity,  57. 

,,        active,  61. 
,,        absolute,  61. 
,,        latent,  61. 
„        law  of  variation  of,  60. 
,,        of  elements,  71. 
Atoms,  19. 

,,     nature  of,  23. 
Auric  ammonic  chloride,  630. 
.,     chloride,  630. 
;,     hydrate,  632. 
,,     oxide,  631. 
,,     potassic  chloride,  630. 
,,     sodic  chloride,  630. 
Aureus  ammonic  sulphite,  632. 


Aurous  chloride,  030. 
„      iodide,  630. 
„      oxide,  631. 
„      sodic  thiosulphate,  632. 
„      sulphide,  633. 
Avogadro's  law,  26. 

i>  „    apparent  exceptions  lo, 

38. 

Azote,  221. 
Azurite,  622. 


Baking  porcelain,  656. 
liaric  bromide,  517. 

„     carbonate,  521. 

„     chlorate,  521. 

,,     chloride.  516. 

„     ohromate,  735. 

,,     dichromate,  735. 

,,     dithionate,  522. 
'  „     ferrate,  766. 

,,     fluoride,  517. 

,,     hydrate,  519. 

,,     iodide,  517. 

„     m'anganate,  749. 

„     nickelous  nitrate,  781. 

,,     nitrate,  520. 

,,     nitrite,  520. 

„     orthoj)hospliate,  522. 

,,     osmate,  691. 

,,     oxide,  517. 

„     perchlorate,  521. 

,,     permanganate,  750. 

,,     peroxide,  518. 

,,     platinate,  675. 

„     pyrosulphate,  522. 

„     silicolluoride,  517. 

,,     sulphhydrate,  524. 

„     sulphate,  521. 

,,     sulphide,  523. 

,,     sulphite,  522. 

,,     tehrasulphide,  524. 

„     thiosulphate,  522. 
Bai'ium,  515. 

„       amalgam,  515. 
,,       general  properties  and  react  ions 
of  the  compoimds  of,  524. 
Baryta,  517. 

,,      water,  520. 
Bases,  definition  of,  13. 
Batteries,  secondary,  91. 

,,       storage,  91. 
Bauxite,  648. 
Bell  metal,  616. 

Borthelot,  laws  of  tliermocheinistry, 
99. 

Berthierito,  428. 
Beryl,  590. 
Beryllia,  591. 
Beryllic  aluminate,  649. 
„      bromide,  591. 
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Beryllic  carbonate,  592. 

„      chloride,  591. 

„      fluoride,  591. 

„      hydrate,  592. 

„      iodide,  591. 

„      nitrate,  592. 

„      oxide,  591. 

,,      phosphate,  593. 

„      silicate,  593. 

„      sulphate,  593. 

„      sulphide,  593. 
Beryllium,  590. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
593. 

Bessemer  process  of  steel  making,  756. 

Bismuth,  430. 

general  properties  and  reac- 
tions of  the  compounds  of, 
436. 

„       glance,  436. 
„       ochre.  433. 
„       telluric,  436. 
Bismuthous  bromide,  432. 

„         chloride,  431. 

„         dichloretliide,  430. 

„         ethide,  430. 

„         fluoride,  432". 

„         iodide,  432. 

„         nitrate,  433. 

,,         nitrate  dihydrate,  433,  434. 

„         oxide,  433. 

„         oxide,  salts  of,  434. 

„         oxybromide,  432. 

„         oxychloride,  431. 

„         oxyhydrate,  434. 

„         oxyiodide,  432. 

„         snlpliide,  436. 

„         teUuride,  436. 

„         uranate,  711. 
Bitter-spar,  577. 
Black  ash,  477. 
Black  band,  753. 
Black-lead,  205. 
Blanc  fixe,  522. 
Bleaching,  534. 
Bleaching  powder,  184,  533. 
Blister  copper,  613. 
Blue  malachite,  622. 
Blue  vitriol,  622. 
Boiling  points,  109. 

„  influence    of  pressure 

upon,  110. 
,.  method  of  determining, 

111. 

„  relation  of  to  molecular 

weight,  112. 
Bolognian  phosphorus,  523. 
Bonds,  58. 
Boracite,  580. 
Borates,  197. 


Borax,  483. 

Boric  broaiide,  193. 

„  chloride,  192. 

„  ethide,  188. 

„  fluoride,  193. 

„  hydride,  191. 

„  nitride,  190. 

„  sulphide,  197. 

Boi'ofluorides,  194. 
Boron,  188. 

,,     adamantine,  189. 
„      amorphous,  189. 
„      graphitoid,  189. 
Boulangerite,  428. 
Boyle,  law  of,  25. 
Bournonite,  428. 
Bracket,  use  of,  56. 
Brass,  615. 
Braunite,  743. 
Breithau]3tite,  778. 
Britannia  metal,  352. 
Brittleness,  452. 
Brochantite,  623. 
Bromargyrite,  506. 
Bromates,  319. 
Bromides,  318. 
Bromine,  314. 

„       hydrate,  316. 
Bronze,  616. 
Brookite,  362. 
Brown  hffimatite,  762. 
Brown  iron  ore,  762. 
Brucite,  576. 
Brunswick  green,  619. 
Brushite,  538. 
Bucliolzite,  653. 
Bunsenite,  780. 
Butter  of  antimony,  420. 


Cadmio  bromide,  595. 
„      carbonate,  596. 
,,      chloride,  595. 
„      hydrate,  596. 
„      iodide,  595. 
„      nitrate,  596. 
,,      oxide,  595. 
,,      sulphate,  596. 
„      sulphide,  596. 
Cadmium,  594. 

„        amalgam,  601. 
,,        general   properties   and  re- 
actions of  the  compounds 
of,  596. 

Ocesic  antimonious  chloride,  490. 
„     carbonate,  490. 
„     chloride,  490. 
„     hydrate,  490. 
„     nitrate,  400. 
„     plal  inic  chloride,  490. 
„     sulphate,  49U. 
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Cajsium,  489. 

„      general  properties  and  reactions 
of  the  compounds  of,  490. 
Calaite,  652. 
Calamine,  587. 

„       siliceous,  588. 
Calcic  bromide,  530. 
„      carbonate,  535. 
„     chlorate,  533. 
„     chloride,  529. 
„      chlorohypochlorite,  184,  534. 
„     chlorophosphate,  366. 
,,     chromate,  735. 
„     dithionate,  537. 
„     fluoride,  530. 
„      hydrate,  532. 
„     hypochlorite,  533. 
„     hypophosphite,  539. 
„     iodide,  530. 
„      iodohypiodite,  322. 
,,      nitrate,  533. 
„     nitrite,  533. 
„     orthophosphate,  537. 
„     oxide,  531. 
,,      oxychlorhydrate,  530. 
„      peroxide,  532. 
„      phosphate,  537. 
„     phosphide,  376,  543. 
,,     potassic  sulphate,  537. 
„      silicates,  539. 
„      silicofluoride,  531. 
„      Bodic  sulphate,  537. 
,,     sulphate,  535. 
„      sulphide,  543. 
„     sulphite,  537. 
,,     thiosulphate,  537. 
„      tungstate,  722. 
Calcined  magnesia,  57  5 
Calcite,  535. 
Calcium,  528. 

„      general  properties  and  reac- 
tions of  the  compounds  of, 
543. 
Calc-spar,  535. 
Calomel,  601. 
Calorie,  44. 
Capillary  pyrites,  782. 
Carat,  definition  of,  629. 
Carbon,  198. 

,,      bisulphide  of,  274. 
„      circulation  of  in  Nature,  209. 
Carbonates,  215. 
Carbonic  disulphide,  274. 
oxide,  217. 
„      oxide,    compound    of  with 

potassium,  220. 
„      oxydichloride,  220. 
,,      oxy sulphide,  277. 
Carbonylic  chloride,  220. 
Carnallite,  575. 
Cassel  yellow,  698. 


Cast  iron,  754. 
Caustic  iJotash,  460. 

„     soda,  474. 
Celestine,  526. 

Cementation  process  of  steel  makin" 
756. 

Ceric  fluoride,  663. 
„    hydrate,  664. 
„    nitrate,  664. 
„    oxide,  663. 
„    sulphate,  664. 
Cerite,  661. 
Cerium,  661. 
Cerous  chloride,  663. 
„     fluoride,  663. 
„     hydrate,  663. 
„     nitrate,  664. 
„     oxide,  663. 
„     phosphate,  664. 
„     potassic  sulphate,  664. 
Cerussite,  101. 
Cervantite,  424. 
Chalcedony,  347. 
Chalk,  535. 
Charcoal,  198. 

„       absoi-ption  of  gases  by,  201. 
„       animal,  200. 
Charles,  law  of,  25. 
Chemical  action,  modes  of,  87. 
,,       affinity,  86. 
„      combination,  heat  of,  99. 
,,       equations,  55. 
„      formulse,  54. 

homogeneity,  94. 
„       nomenclature,  8. 
„       notation,  53. 
Chiastolite,  653. 
Cliili  saltpetre,  475. 
China,  656. 
China  clay,  653,  655. 
Chlorates,  185. 
Chloraurates,  631. 
Chloride  of  lime,  533. 
Chlorine,  147. 

„       hydrate,  151. 
„       oxygen  compounds  of,  179. 
Chloric  peroxide,  181. 
Chlorochromates,  737. 
Chloronitrous  gas,  241. 
Chloropal,  348. 
Chloropernitric  gas,  242. 
Chlorophyll,  iron  in,  753. 
Chromates,  732. 
Chrome  alum,  731. 
,,       iron  ore,  732. 
„      ochre,  727. 
„      orange,  735. 
„      red,  735. 
„      yellow,  735. 
Chromic  bromide,  726. 
„       chloride,  726. 
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Chromic  dioxide,  730. 

fluoride,  726. 
hydrate,  728. 
hjdrate,  colloidal,  728. 
nitrate,  731. 
nitride,  738. 
oxide,  727. 

oxychlorhydrate,  737. 
oxydicliloride,  736. 
perfluoride,  727. 
sulphate,  731. 
sulphide,  738. 
Chromites,  731. 
Chromium,  724. 

„        general  properties   and  re- 
actions of  the  compoimds 
of,  738. 
Chromosphere,  448. 
Chromous  bromide,  726. 
„       chloride,  726. 
„        chromic  oxide,  730. 

hydAte,  727. 
„       oxide,  727. 
,,        phosphate,  730. 
„        sulphate,  730. 
Chromylic  chlorhydrate,  737. 

chloride,  736. 
Chrysoberyl,  649. 
Clu'ysocolla,  624. 
Cimolite,  653. 
Cinnabar,  607. 
Clay,  655. 

Clay  iron-stone,  753. 
Coal,  203. 

Coal-gas,  purification  of,  261. 
Coarse  metal,  copper,  612. 
Cobalt,  769. 

„     ammonium  compounds  of,  774. 

„     bloom,  773. 

„     general  properties  and  reactions 

of  the  compounds  of,  777. 
„     pyrites,  774. 
„     ultramai  Lne,  773. 
„     Yitriol,  772. 
Cobaltamires,  774. 
Cobaltic  chloride,  771. 
„      hydrate,  772. 
,,      oxide,  772. 
Cobaltosamraonic  chloride,  775. 
Cobalto^o-diammonic  dichloride,  775. 
Cobaltous  arsenate,  773. 
,,       bromide,  771. 
,,       carbonate,  772. 
„       chloride,  770. 
,,       dicobaltic  tetrasulphide,  774. 
,,       dicobaltic  tetroxide,  772. 
,,       fluoride,  771. 
„       hydrate,  772. 
„       iodide,  771. 
„       nitrate,  772. 
„      oxide,  771. 


Cobaltous  phosphate,  773. 

„       sihcate,  773. 

„       sulphate,  772. 

„       sulphide,  774. 
Cohesive  power,  450. 
Coke,  202. 

Colloidal  sulphides,.  625. 
Colloids,  122. 
Collyrite,  653. 
Combination,  100. 

,,  atomic,  69. 

„  by  volume,  27. 

„  laws  of,  16. 

„  molecular,  69. 

Combustibles,  164. 
Combustion,  164. 

„  supporters  of,  164. 

Compound  radicals,  66. 
Compoiuids,  binary,  9. 
Common  salt,  473. 
Condy's  disinfecting  fluid,  749. 
Constant  proportions,  law  of,  16. 
Conversion  of  volumes  into  weights,  131. 
"  Converted  nitre,"  461. 
Copper,  611. 

,,  alloys  of,  614. 
,,  amalgam,  600. 
,,      compounds  of  with  oxygen  and 

hydroxyl,  619. 
„      general  properties  and  reactions 

of  the  compounds  of,  626. 
„      glance,  624. 
„      pyrites,  611,  767. 
,,       smelting,  612. 
Coprolites,  537. 
Coquinibite,  764. 
Corrosive  sublimate,  602. 
Corundum,  647. 
Cotunnite,  697. 
Cream  of  tartar,  423. 
Crith,  definition  of,  131. 
Critical  point.  111. 
Crookesite,  634. 
Cryohydrates,  108. 
Cryolite,  473,  646. 
Crystallisation,  suspended,  120. 
„  fractional,  97. 

„  water  of,  69. 

Crystallography,  124. 
Crystalloids,  122. 

"  Crystals  of  the  leaden  chamber,"  288. 

Crystals,  systems  of,  125. 

Cupellation  process  for  extraction  of 

silver,  499. 
Cuprammonic  chloride,  618. 

„  sulphate,  623. 

Cupric  arsenate,  624. 

„     arsenite,  624. 

„     bromide,  619. 

,,     carbonate,  622. 

„     chloride,  618. 
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Cupric  fluoride,  619. 

„     hydrate,  621. 

„     nitrate,  621. 

„     oxide,  620. 

„     oxychloride,  619. 

,,     pliosphate,  624. 

„■    phosphide,  37.4,  626. 

„     silicate,  624. 

„     silicide,  340. 

„     sidjihate,  622. 

„     sulphide,  624. 
Cuprosammonic  chloride,  617. 
Cuprous  acetylide,  617. 

„       arsenide,  626. 

,,       bromide,  617. 
chloride,  616. 

,,       fluoride,  618. 
hydrate,  621. 

„       hydride,  616. 

„       iodide,  618. 
nitride,  626. 
oxide,  619. 

„       phosphide,  626. 

„       quadrantoxide,  619. 

„       sulphide,  624. 
Cuttle-fish,  copper  in  blood  of,  612 
Cyanite,  653. 


Daxton,  atomic  theory,  19. 
Dark  red  silver  ore,  514. 
Decipium,  669. 
Decomposition,  88,  101. 
Dialysis,  122. 
Diamond,  205. 
Diantimonic  tetroxide,  424. 
Diarsenious  disulphide,  411. 
Diaspore,  648. 
Dibismuthous  dioxide,  432. 

„  disulphide,  435. 

„  tetracliloride,  432. 

Dichro-cobaltic  chloride,  775. 
Didymic  oxide,  665. 
Didymium,  664. 
Didymous  chloride,  665. 
„        hydrate,  665. 
„       nitrate,  665. 
„       oxide,  665. 
„       sulphate,  665. 
Diferric  trisulphide,  766. 
Diffusion,  121. 

„       of  gases,  95,  123. 
„       of  liquids,  122. 
Di-iridic  hexabromide,  683. 
„       hexachloride,  683. 
„       hexahydrate,  684. 
,,       trioxide,  684. 
„       trisulphide,  685. 
„       trisulphite,  685. 
Dimanganic  dioxydiliydrate,  743. 
„        hexachloride,  741. 


Dimanganic  trioxide,  743. 
Dimangaiious  manganite,  742. 
Dimercurammonic  chloride,  610. 

oxide,  609. 
Dimolybdic  trioxy-hexaehloi-ide,  715. 
Dimolybdous  hexabromide,  713. 

hexachloride,  713. 
hexahydrate,  714. 
,.  trioxide,  714. 

Dimorphism,  43. 
Diosmic  hexachloride,  689. 

„      trioxide,  689. 
Diopside,  347. 
Dioptase,  624. 

Dipliosphoric  tetrasulphide,  397. 
Diphosphorous  tetriodide,  380. 
Diplumbic  trioxide,  699. 
Dipotassic  disulphide,  467. 
Dirhodic  hexahydrate,  687. 

„       trioxide,  687. 
Diruthenic  hexacliloride,  692. 
„         hexahydrate.  693. 
„         hexiodide,  692. 
„         trioxide,  693. 
Diseases,  zymotic,  propagation  of,  545. 
Disilicic  hexabromide,  342. 
„       hexachloride,  340. 
„       hexafluoride,  343. 
„       hexiodide,  342. 
„       hydrotrioxide,  341. 
Disodic  dioxide,  474. 
Dissociation,  88. 
Distannic  trioxide,  357. 
Distillation,  fractional,  96. 
Disuiphur  dibromide,  274. 
„       dichloride,  273. 
„       diniodide,  274. 
Dithallie  tetrachloride,  636. 
Dithionates,  301. 
Dititanic  hexacliloride,  361. 

,,    '    trioxidt^,  362. 
Diuranic  decachloride,  707. 
Diuranous  hexachloride,  707. 
Dolomite,  577. 
Double  decomposition,  102. 
Dry  copper,  613. 
Ductility,  453. 

Dulong  and  Petit,  law  of,  45. 
Dulong  and  Petit's  law,  exceptions  to, 

46. 

»  „       limit  of  validity 

of,  46. 

Dutch  metal,  61.'?. 

Dyad  elements,  159,  515,  594. 


Eaethenwake,  658. 
Ebullition,  109. 

„  per.  ussive,  112. 
Electrolysis,  88. 

„         lawfl  of,  89. 
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Electro-silvering,  505. 
Eleetrum,  628. 
Elements  and  compounds,  6. 
„       classification  of,  70. 
list  of,  7. 

molecular  weights  of,  29. 
Emerald,  348,  590. 
Emery,  647. 
Enstatite,  580. 
Epsoniite,  578. 
Epsom  salt,  578. 
Equations,  chemical,  55. 
Equivalence,  58. 

„  of    heat    and  chemical 

change,  law  of,  99. 
Equivalent  proportions,  law  of,  17. 
Equivalents,  electrochemical,  93. 
Erbia,  668. 
Erbium,  668. 
Erbous  hydrate,  669. 

„     nitrate,  669. 

„     oxide,  668. 

„     sulphate,  669. 
Erythrine,  773. 
Estramadurite,  366. 
Ethylic  orthosilicate,  339. 

,,     siUco-orthoformate,  339. 
Euxenite,  365. 
Expansion  by  heat,  439. 

Pahl  oee,  428. 
Fayahte,  764. 
Farberite,  722. 
Feather  ore,  428. 
Felspar,  348. 
Ferrates,  765. 
Ferric  bromide,  760. 

,,    chloride,  759. 

„    disulphide,  767. 

„    fluoride,  760. 

„    hydrate,  762. 

„    hydrate,  colloidal,  762. 

„    iodide,  760. 

„    nitrate,  764. 

„    oxide,  761. 

„    phosphate,  765. 

„    silicate,  765. 

„    sulphate,  764. 
Ferrous  bromide,  759. 

„       carbonate,  763. 

„       chloride,  758. 

„       chromito,  732. 

,,       diferric  tetroxide,  761. 

,,       fluoride,  759. 

„       hydrate,  761. 

„       iodide,  759. 

,,       nitrate,  763. 

„       oxide,  761. 

„       phosphate,  764. 

„       silicate,  764. 

„      sulphate,  763. 


Ferrous  sulphide,  766. 

,,       tungstate,  722. 
Fibrolite,  653. 
Fine  metal,  copper,  613. 
Fire  damp,  210. 
Flint,  347. 
Fluocerite,  661. 
Fluorides,  335. 
Fluorine,  332. 
Fluor-spar,  530. 
Force,  1. 

Forces,  attractive,  4. 
FormulcB,  calculation  of,  65. 

,,       chemical,  54. 

„       constitutional,  56. 

„       empirical,  56. 

„       graphic,  63. 

,,       molecular,  56. 

„       rational,  56. 

„       so-called  equivalent,  94. 
Fowler's  solution,  409. 
Francolite,  392. 
Franklinite,  582. 
Fraunhofer  lines,  447. 
Freezing-mixtui'es,  108. 
Frit  (porcelain),  655. 
Fulminating  gold,  631. 

,,         silver,  514. 
Fusco-cobaltic  chloride,  775. 
Fusible  metal.  Wood's,  440. 
Fusing-point,  influence  of  pressure  upon, 

106. 
Fusion,  106. 

,,     change  of  volume  accompanv- 

ing,  106. 
,,     latent  heat  of,  106. 


G-ADOLINITE,  666. 
Q-ahnite,  582. 
G-alena,  704. 
Gallic  chloride,  660. 
„     oxide,  660. 
„     sulphate,  660. 
Gallium,  659. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
660. 

Garnierite,  778. 
Gas  carbon,  203. 
Gases,  diffusion  of,  123. 

„     expansion  by  heat,  25. 

„     liquefaction  of,  114. 

,,     relation  of,  to  pressure,  25. 

„     solubiUty  of,  115. 
Gay-Lussac,  law  of,  27. 
"  Gerhardt's  base,"  chloride  of,  677. 
German  silver,  779. 
Gilding,  629. 
G-lance-cobalt,  769. 
Glass,  539. 
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Grlasa  anuealing,  542. 

,,     Bohemian,  539. 

,,     bottle,  539. 

,,     coloured,  543. 

,,     composition  of,  542. 

,,     crown,  539. 

„     deritrification  of,  543. 

„     flint,  539. 

„     making,  540. 

„     plate,  539. 

„     potash,  539. 

,,     soda,  539. 

„     toughened,  542. 

„     unannealed,  541. 

„     window,  539. 
G-lauberite,  537. 
Q-lauber's  salt,  478. 
Glucinum,  590. 
G-old,  627. 

„     fineness  of,  629. 

„     fulminating,  631 . 

„    general  properties  and  reactions  of 
the  compounds  of,  633. 

„     mining,  hydraulic,  628. 

„     standard,  629. 
G-rapliite,  204. 
G-reenockite,  596. 
"  G-reen  salt  of  Magnus,"  676. 
Green  vitriol,  763. 
Grey  antimony  ore,  427. 
"  Gros'  chloride,"  677. 
Grossiilaria,  348. 
Guauite,  579. 
G  uignet's  green,  728. 
Gun  metal,  616. 
Gunpowder,  461. 
Gurolite,  539. 
Gypsum,  536. 

„        burnt,  536. 


HiEMATiTE,  brown,  762. 

red,  761. 
Hsemocyanin,  612. 
Heemoglobin,  iron  in,  753. 
Haidingerite,  410. 
Haloid  salts,  definition  of,  14. 
Hardness,  451. 
Hausmannite,  742. 
Heat,  atomic,  45. 

„     molecular,  47. 

„     specific,  44. 

„     specific,  table  of,  51. 

„    unit  of,  44. 
Heavy  glass,  iFaraday's,  704. 
Heavy-spar,  521. 
Hemiliedral  forms,  127. 
Hepar  sul/phurii,  468. 
Heptaferric  octosulphide,  767. 
Hexad  elements,  259,  706,  724. 
Hexagonal  system,  129. 


Homogeneity,  chemical,  94. 
Horn-quicksilver,  601. 
Horn-silver,  505. 
Hiibnerite,  722. 
Hydracids,  definition  of,  12. 
Hydrargillite,  648. 
Hydrate,  definition  of,  13. 
Hydric  ammonic  sodic  phosphate,  49G. 
„     oxide,  170. 
„     peroxide,  176. 
„     persulphide,  272. 
„     potassic  sodic  phosphate,  481. 
,,     potassic  tartrate,  423. 
Hydrogen,  134. 

„       displaceable,  10. 
„       liquefaction  of,  144. 
„      occlusion  of,  by  metals,  143. 
Hydrogenium,  144. 
Hydromagnesite,  576. 
Hydrosulphyl,  67,  272. 
Hydroxydimercuranjmonic  iodide,  610. 
Hydroxyl,  67,  176. 
Hydroxylamine,  250. 
Hypiodous  chloride,  326. 
Hypochlorites,  183. 
Hypomolybdous  bromide,  713. 
„  chloride,  712. 

„  oxide,  714. 

Hypopalladous  oxide,  680. 

,,  sulphide,  681. 

Hypophosphites,  384. 
Hyposidphurous  chloride,  274. 

,,  hydrosulphate,  272. 

Hypotungstous  bromidfi,  719. 

„  chloride,  718. 

„         iodide,  719. 
Hypovanadic  chloride,  400. 

,,  oxide,  401. 

Hypovanadous  chloride,  400. 
„  oxide,  400. 


Ice,  175. 

,,   artificial  production  of,  245. 
Indie  chloride,  640. 
„    hydrate,  641. 
„    nitrate,  641. 
„    oxide,  641. 
,,    sulphate,  641. 
„    sulphide,  642. 
,,    sulphite,  642. 
Indigo  copper,  625. 
Indium,  639. 

„       ammonia  alum,  642. 
„       general  properties  and  reac- 
tions of  the  compounds  of, 
642. 

Introduction  1. 
Induction  tube,  166. 
lodargyritc,  506. 
lodates,  328. 
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Iodides,  325. 
Iodine,  320. 

„     as  a  lieptad,  331. 
lodous  cliloride,  326. 
Ions,  88. 

Iridic  bromide,  684, 

„     chloride,  683. 

„     hydrate,  685. 

„     iodide,  684. 

,,     oxide,  684. 

„     sulphide,  685. 
Iridium,  681. 

„      black,  683. 

,,      general  properties  and  reactions 
of  the  compounds  of,  685. 
Iridous  sulphide,  685. 
Iron,  752. 
„    alum,  765. 
,,    amalgam,  600. 

,,    general  properties  and  reactions  of 
the  compounds  of,  767. 

„    meteoric,  752. 

„    passive  state  of,  758. 

„    pyrites,  767. 

„    telluric,  752. 
Irresolvable  nebulae,  spectra  of,  449. 
Isomerism,  98. 
Isomorphism,  40. 

johannite,  709. 

Kaolin,  653,  655. 

,,       of  Ellenbogen,  653. 
Kelp,  320. 
Keramohalite,  649. 
Kerargyrite,  505. 
Kieserite,  577. 
KobelUte,  436. 
Kupfernickel,  778. 

Labeadobite,  348. 
Lamp-black,  202. 
Lana  philosophica,  586. 
Lanthanous  chloride,  665. 
„        hydrate,  666. 
„        oxide,  665. 
„        sulphate,  666. 
Lanthanum,  665. 
Lapis  lazuli,  654. 
Latent  heat  of  fusion,  106. 

„        „    „  vapours,  113. 
Laughing  gas,  231. 
Laiirite,  694. 
Lead,  695. 

„    basic  "  hyponitrate  "  of,  701. 
„    compounds  of,  with  oxygen,  698. 
„    desilverisation  of,  500. 
„    general  properties  and  reactions  of 
the  compounds  of,  705. 


Leblanc's  process  for  the  manufacture  of 

sodic  carbonate,  476. 
Lepidolite,  485,  654. 
Libethenite,  624. 
Liebigite,  706. 
Light  red  silver  ore,  514. 
Lignite,  204. 
Lime,  chloride  of,  533. 

„     kilns,  531. 

„    mdk  of,  532. 

,,    superphosphate  of,  538. 
Limestone,  535. 
Liquids,  diffusion  of,  122. 

„       solubility  of,  116. 
Litharge,  699. 
Lithia,  486. 
Lithic  carbonate,  486. 

,,      chloride,  485. 

„     dithiouate,  486. 

,,     fluoride,  486. 

,,      hydrate,  486. 

,,     iodide,  486. 

„     nitrate,  486. 

„     oxide,  486. 

„      pcrchlorate,  486. 

„      phosphate,  486. 

„     sulphate,  486. 
Lithium,  484. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
487. 

Liver  of  sulphur,  468. 
Loadstone,  761. 
Lucifer  matches,  372. 
Luminous  paints,  523. 
Luteo-tobaltic  chloride,  776. 

Magnesia,  575. 
Magnesia  alba,  576. 
Magnesia  usta,  575. 
Magnesiu  aluminate,  649. 

„       ammonic  arsenate,  579. 

,,       ammonic  carbo^iate,  577. 

,,       ammonic  chloride,  575. 

„       ammonic  orthophosphate,  579. 

„       ammonic  sulphate,  579. 
arsenate,  579. 

„       borate,  580. 

„       boride,  581. 

,,       bromide,  575. 

,,       calcic  carbonate,  577. 

„       calcic  chloride,  575. 

„       carbonate,  576. 

,,       chloride,  574. 

„       chromato,  735. 

,,       fluoride,  575. 

„       hydrate,  576. 

„       iodide,  575. 

„       nitrate,  576. 

„       nitride,  581. 
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Magnesie  orthophosphate,  579. 
„       oxide,  575. 
„       phosphate,  579. 
„       pofcassie  carbonate,  577. 
„       potassic  chloride,  575. 
„       potassic  orthophosphate,  579. 
„       potassic  sulphate,  579. 
„       silicate,  580. 
„       silicide,  338,  581. 
„       sodic  fluoride,  575. 
„       sodic  orthopliosphate,  579. 
„       sulphate,  577. 
.  „       sulphydrate,  581. 
,,       sulphide,  580. 
Magnesite,  576. 
Magnesium,  573. 

,)        general  properties  and  re- 
actions of  the  compounds 
of,  581. 
light,  574. 
Magnetic  iron  ore,  761. 
„      oxide,  761. 
„       properties  of  elements,  77. 
„       pjrites,  767. 
Malachite,  622. 
Malleability,  452. 
Malthacite,  653. 
Manganates,  748. 
Manganese,  739. 

„        alum,  747. 

„        bliick  oxide  of,  744. 

blende,  746,  751. 
„         characteristic  properties  and 
reactions    of    the  com- 
pounds of,  751. 
Manganic  dioxide,  744. 
„       disulphide,  751. 
„       percliloride,  741. 
„       perfluoride,  741. 
„       peroxide,  744. 
„       peroxide,    regeneration  of, 
745. 

,,       sulphate,  747. 
Manganite,  743. 
Manganous  bromide,  741. 

,,       carbonate,  746. 

,,       chloride,  740. 

„       chromite,  732. 

„       dimanganic  tetroxide,  742. 

,,       dithionate,  747. 

,,       fluoride,  741. 

„       hydrate,  742. 

„       iodide,  741. 

,,       nitrate,  746. 

„       oxide,  742. 

„       silicate,  747. 

,,       sulphate,  746. 
sulphide,  751. 

„       tungstate,  722. 
Marble,  535. 
Marcasite,  767. 


Marsh's  test,  414. 
Matches,  safety,  372. 
Matter,  1. 

Maximum  work,  law  of,  99. 
Measures  of  capacity,  130. 

„  length,  131. 

),  surface,  131. 

»  weight,  131. 

Meerschaum,  347,  580. 

Mendeleef,  arrangement  of  elemenfs,  7^. 
74.  ' 

Mercurammonie  chloride,  609. 
Mereuridiammonic  dichloride,  610. 
Mercuric  bromide,  603. 
„      carbonate,  607. 
„      chloride,  602. 
„      chromate,  736. 
,,      fluoride,  604. 
„      iodide,  603. 
„      nitrate,  606. 
„      nitride,  608. 
,1      oxide,  604. 
„      oxychloride,  603. 
„      phosphate,  607. 
„      potassic  sulphide,  608. 
„      sulphate  607. 
„      sulphide,  607. 
„      sulphocliloride,  608. 
3ferciirius  soLubilis  Hahnemanni,  609. 
M.  rcurosammonic  cliloride,  609. 

,,  nitrate,  609. 

Mercurosodiammonic  dichloride,  609. 
Mercurous  bromate,  606. 
,,        bromide,  602. 
„        carbonate,  606. 
„        chloride,  601. 
,,        chlorate,  605. 
„        fluoride,  602. 
„        iodide,  602. 
„        oxide,  604. 
„        nitrate,  605. 
,,        perchlorate,  605. 
„        sulpliate,  606. 
„        sulphide,  607. 
Mercury,  597. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
610. 

Metallic  elements,  distinguishing  char- 
acteristics of  the,  437. 
Metal  slag,  copper,  612,  613. 
Metals,  437. 

„     colours  of  ignited  liquid,  441. 

„     expansion  of  by  heat,  438. 

„      fusibility  of,  439. 

„     of  tlie  rare  earths,  660. 

„     order  of  ductility  of,  453. 

„      order  of  malleability  of,  452. 

,,      relations  of,  to  gravity,  449. 

,,     relations  of,  to  heat,  438. 

„     relations  of,  to  light,  440. 
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Metals,  relative  tenacity  of,  451 . 

„     specific  gravity  of,  449. 

„      volatility  of,  440. 
Metamerism,  98. 
Metapliosphates,  388. 
Metastaunates,  357. 
Metatungstates,  721. 
Meteoric  iron,  752. 

„       „     of  Lennrto,  144. 
Meyer,  Lothar,  curve  of  atomic  volumes, 
78. 

Miargyrite,  428. 
Microcosmic  salt,  496. 
Milk  of  lime,  532. 
MiUerite,  782. 
MUoschine,  653.  • 
Mimetesite,  704. 
Mineral  chameleon,  750. 
Minium,  700. 
Moiree  metallique,  350. 
Molecular  heat,  law  of,  47. 

,,        volume,  80. 

,,        volume  of  gases,  80. 

,,        volume  oi:'  liquids,  82. 

,,        volume  of  solids,  81. 

,,        volumes,  calculation  of,  83. 

,,        volumes  of  liquids,  table  of, 
85. 

,,        weighb,  calculation  of,  26. 

„        weight,  determination  of,  34. 

,,        weights,  25. 

„        weights  of  elements,  29. 

,,  work,  law  of,  99. 
Molecule,  defiuition  of,  33. 
Molecules,  20. 

,,        size  of,  25. 
Molybdates,  715. 
Molybdenite,  717. 
Molybdenum,  712. 

J,         general  properties  and  re- 
actions  of    the  com- 
pounds of,  717. 
Molybdic  dioxydibromide,  715. 

„       dioxydichloride,  715. 

,,      oxytetrachloride,  715. 

„      pentachloride,  713. 

„      persulphide,  717. 

„      sulphide,  717. 
Mol)bdous  chloride,  713. 

„        hydrate,  714. 

„         iodide,  713. 

„        oxide,  714. 

„         sulphide,  717. 
Monad  elements,  134,  314,  455,  499. 
Monazite,  365. 
Monoclinic  system,  128. 
Mortar,  532. 

,,      hydraulic,  532. 
Mosaic  gold,  359. 
Muntz  metal,  615. 
Multiple  proportions,  law  of,  17. 


Mysorin,  622. 


Nascent  state,  28. 

Needle  iron  ore,  7G2. 

Needle  oi"e,  436. 

Nessler's  solution.  610. 

Neutralisation,  change  of  volume  in  104. 

heat  of,  104. 
Neumann,  law  of  molecular  heat,  47. 
Nickel,  777. 

„     aUoys  of,  779. 

„     bloom,  782. 

„     general  properties  and  reactions 
of  the  compounds  of,  782. 

„     glance,  778. 

„     plating,  779. 

„     silver,  779. 
Nickelic  disulphide,  782. 

„      hydrate,  781. 

„      oxide,  780. 
Nickelous  arsenate,  782. 

,,        bromide,  780. 

„        carbonate,  781. 

,,        chloride,  779. 

„        fluoride,  780. 

„         hydrate,  780. 

„        iodide,  780. 

,,         nitrate,  781. 

,,        nitrite,  781. 

„        oxide,  780. 

phosphate,  782. 

„        silicate,  778. 

,,        sulphate,  781. 
sulphide,  782. 
Niobium,  415. 

,,        compounds  of,  415. 
Nitrates,  229. 
Nitre,  461. 

,,    plantations,  224. 
Nitric  dioxychloride,  242. 
,,     oxide,  236. 
„     peroxide,  239. 
Nitrification,  224. 
Nitrogen,  221. 

„       oxygen  compounds  of,  223. 
Nitrosylic  chloride,  241. 
Nitrous  bromide,  251. 

,,      chloride,  250. 

,,     hydrodiniodide,  252. 

,,     iodide,  251. 

,,     oxide,  231. 

„      oxychloride,  241. 
Nitroxylic  cldoride,  242. 
Nomenclatui-e,  chemical,  8. 
Non-Tnetals,  134. 
Notation,  chemical,  53. 

„       gi-aphie,  62. 

,,       symbolic,  54. 
Norwcgium,  783. 
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OoTAD  elements.  688. 

Okenifce,  347,  539. 

Olivonite,  624. 

Oi^al,  345. 

Ophite,  347,  580. 

Ore-furnace,  copper,  612. 

„         slag,  copper,  612. 

Ornitliifce,  537. 

Orpiment,  412. 

Orthite,  666. 

Orthose,  346. 

Osmates,  690. 

Osmium,  688. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
691. 

Osmic  chloride,  689. 

„     hjdrate,  689. 

„     oxide,  689. 

„     peroxide,  690. 

„     sulphide,  691. 
Osmiridium,  688. 
Osmous  oxide,  689. 

„     sulphite,  690. 
Osteolite,  366,  537. 
Over-poling  copper,  613. 
Oxygen,  159. 

„      allotropic,  166. 
,,      diatomic  molecule  of,  178. 
Oxy-hydrogen  flame,  165. 
Ozone,  166. 
Ozoniser,  166. 


Packfong,  779. 
Palladic  chloride,  680. 
„       oxide,  680. 
„      sulpliide,  68 J. 
Palladium,  677. 

»        spongy,  678. 
„        general  properties  and  reac- 
tions of  the  compounds  of, 
681. 

„         hydride,  679. 
Palladous  bromide,  679. 

„       chloride,  679. 

„       hydride,  679. 

„       iodide,  679. 

„       nitrate,  680. 

„       oxide,  680. 

„       sulphate,  680. 

„       sulphide,  681. 
Passive  iron,  758. 
Pentad  elements,  221,  365,  664. 
Pentatitanic  hexanitride,  363. 
Perchlorates,  188. 
Pen  dote,  347,  580. 
Periodates,  331. 
Periodic  law,  72. 
Perissads,  58. 
Pennanent  white,  522. 


Permanganates,  749. 

Permanganic  hexoxy-diehloride,  750 

Perruthenates,  694. 

Perruranates,  711. 

Petalite,  485,  654. 

Pewter,  352. 

Pharmaeolite,  410. 

Phenacite,  347,  593. 

Phosgene  gas,  220. 

Phospham,  398. 

Phosphamimide,  398, 

Phosphates,  391. 

Phosphine,  372. 

Phosphites.  386. 

Phosphochalcite,  624. 

Phosphonic  bromide,  375. 

chloride,  375. 
„         iodide,  375. 
Phosphor-bronze,  616. 
Phosphoretted  hydrogen,  gaseous,  372. 
»  ),        liquid,  376. 

.  solid,  377. 

Phosphoric  bromide,  380. 
,,        chloride,  378. 
),        chloride,  action  of  upon  or- 
ganic compounds,  379. 
„        fluoride,  381. 
„        oxynitride,  399. 
„        oxytriamide,  398. 
„        oxytribromide,  395. 
„        oxytrichloride,  393. 
„        oxytrichloride,  action  upon 

•organic  compounds,  294. 
„        sulphide,  396. 
„        Bulphotrichloride,  397. 
Phosphorite,  537. 
Phosphorosophosphates,  393. 
Phosphorous  bromide,  380. 
„  chloride,  378. 

„  iodide,  380. 

„         sulphide,  396. 
Phosphorus,  365. 

„        amorphous,  370. 
„         compounds   of  with  sul- 
phur, 395. 
„         octahedral,  369. 
„         oxygen  compounds  of,  381. 
„        red,  370. 
„         rhombohedral,  371. 
Phosphorylic  chloride,  393. 
Phosphotungstates,  723. 
Photosphere,  448. 
"  Pink-salt,"  355. 
Pitchblende,  708. 
Plaster  of  Paris,  536. 
Platiuamines,  676. 
Platinates,  675. 
PJatinic  bromide,  674. 
„      chloride,  674. 
„      hydrate,  675. 
„      iodide,  674. 
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Platinic  oxide,  675. 

„      sulphide,  675. 
Platiniridium,  681. 
Platinodiammonic  chloride,  677. 
Platinonitritcs,  675. 
Platinotetrammonic  chloride,  677. 
Platinous  bromide,  674. 
„       chloride,  673. 
„       liydrate,  675. 
„       iodide,  674. 
,,       oxide,  675. 
„       sulphide,  675. 
„       sulphite,  675. 
Platinum,  670. 

black,  672. 
„       general  properties  and  reac- 
tions of  the  compounds  of, 
677. 
spongy,  671. 
Platosodiammonic  chloride,  676. 
Platosotetrammonic  chloride,  676. 

„  hydrate,  676. 

Plattnerite,  700. 

Plumbic  ammonic  sulphate,  704. 
„      arsenate,  704. 
,,      borate,  704. 
„      bromide,  698. 

carbonate,  701. 
„      chloride,  697. 
,,      cliromate,  735. 
„      dithionate,  704. 

fluoride,  698. 
,,      iodide,  698. 
,,      molybdate,  716. 
„      nitrate,  701. 
„      nitrate  nitrite,  701. 
„      nitrite,  701. 
„      oxide,  699. 
,,      oxyohloride,  698. 
„      oxyhydrate,  699. 
,,      perchloride,  698. 
„      phosphate,  704. 
,,      silicate,  704. 
„      sulphate,  703. 
„      sulphide,  704. 

sulpbochloride,  705. 
„      tungstate,  722. 
Plumbous  oxide,  699. 
Poling  copper,  613. 
Polymerism,  98. 
Polytungstates,  721. 
Porcelain,  655. 

clay,  653. 

clay  of  Passau,  653. 
glazing,  656. 
hard,  656. 
tender,  656. 
Portland  cement,  533. 
Potash,  460. 

„     alum,  650. 
Potassic  aluminic  bromide,  646. 


Potaasic  aluminic  cliloride,  645. 

„  amide,  470. 

antimonate,  466. 

„'  antimonylic  tartrate,  423. 

,,  arsenate,  466. 

„  aurate,  631. 

,,  borate,  466. 

,,  bromatc,  462. 

,,  bromide,  458. 

,,  carbonate,  463. 

„  chlorate,  462. 

,,  chloride,  458. 

„  chlorochromate,  737. 

,,  chloroplatinate,  458. 

„  chromate,  733. 

,,  chromic  sulphate,  731. 

„  chromous  sulphate,  730. 

„  cobaltic  nitrite,  774. 

,,  cobaltous  8ulj)hate,  773. 

,,  cupric  sulphate,  623. 

dichromate,  734. 

„  di-iridic  chloride,  683. 

,,  diosmic  chloride,  689. 

,,  dioxide,  459. 

,,  dithionate,  464. 

,,  ferrate,  765. 

„  ferric  chloride,  760. 

,,  ferric  sulphate,  765. 

„  ferrous  chloride,  759. 

„  fluoride,  459. 

„  hydrate,  460. 

„  hydride,  458. 

„  iodate,  462. 

,,  iodide,  458. 

„  iridic  chloride,  684. 

,-,  lithic  sulphate,  486. 

„  magnesic  chromate,  735. 

„  manganate,  748. 

,,  manganic  sulphate,  747. 

„  manganite,  744. 

„  manganous  sulphate,  747. 

„  manganous  sulphide,  751. 

„  metantimonate  (of  Fremy),  466. 

„  metaphosphate,  465. 

,,  metastannate,  357. 

„  molybdate,  7l5. 

nickelous  nitrite,  781. 

,,  nitrate,  461. 

„  nitride,  470. 

„  nitrite,  461. 

„  oxide,  459. 

„  orthophosphate,  465. 

„  osmate,  690. 

„  osmous  sulphite,  690. 

„  palladic  chloride,  680. 

„  palladous  chloride,  679. 

„  perch  lorate,  462. 

„  periodate,  462. 

„  permanganate,  749. 

„  perrutlienate,  694. 

„  persvdphomolybdate,  717. 
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Potassic  phosphate,  465. 
„      phosphite,  466. 
„      pliosphomoljbdnte,  716. 
„      platinie  chloride,  458,  674. 
„      platinonitrite,  675. 
„      platinous  sulphite,  675. 
„      platinous  sulphodiplatinate 
676. 

„      polysulphides,  467. 
„       pyrantimonate,  466. 
„       pyropliosphate,  465. 
„      pyrosulphate,  464. 
„      pyrosidphite,  464. 
„      ruthenate,  694. 
„      selenate,  465. 
,,       seleiiite,  465. 
„      silicate,  466. 
„      silicofluoride,  459. 
„      silico-tungstate,  723. 

sodic  carbonate,  478. 
„      sodic  pyrophosphate,  482. 
„      stannicofluoride  ,355. 
„      sodic  sulphate,  479. 
,,       sulphantimonate,  469. 
,,      sulpharsenate,  469. 
,,       sulphate,  463. 
,,      sulplihydrate,  467. 
,,      sulphide,  466. 
,,      sulphindate,  642. 
„      sulphite,  464. 
,,       sulphocarbonate,  276. 
,,       sulphoferrite,  766. 
,,       sulphoraolybdate,  717. 
,,       sulphostannate,  358. 
,,      suljjhothallate,  639. 
„       sulpho-tungstate,  724. 
,,      tellurate,  465. 
„       tetrachromate,  734. 
,,      tetroxide,  459. 
,,      thiosulphate,  464. 
,,      titanofluoride,  360. 
„      trichromate,  734. 
,,      tungstate,  722. 
„      tungsto-tungstate,  723. 
,,      uranate,  710. 
„       uranylic  sulphate,  710. 
,,      zincic  chloride,  585. 
,,      zireonofluoride,  364. 
Potassium,  455. 

,,       amalgam,  600. 
„       general  properties  and  reac- 
tions of  the  compounds  of, 
470. 
Potassoxy],  67. 
Pottery,  655. 

,,     ware,  658. 
Praseo-cobaltic  chloride,  776. 
Precipitation,  fractional,  97. 
Prelmite,  654. 
"Preparing  salt,"  356. 
Proustite,  514. 


Pseudo-alums,  747. 
Pucherito,  399. 
Puddling,  755. 
Purple  of  Cassius,  632. 
Purpureo-eobaltic  chloride,  776. 
Pyrantimonates,  426. 
Pyrargyrite,  514. 
Pyrographitic  oxide,  205. 
Pyrolusite,  744. 
Pyromorphite,  704. 
Pyrophosphates,  389. 
Pyrophosphoryhc  chloride,  395 
Pyrophyllite,  348. 
Pyrosulphurylic  chloride,  306. 

Qttadeatic  system,  127. 
Quartz,  344. 
Quicklime,  531. 


Eadiated  pyrites,  767. 
Eadicals,  acid,  chlorides  of,  242. 

„       compound,  66. 
Bare  earth  metals,  general  properties 

and  reactions  of  the  compounds  of 

669. 

Pare  earths,  metals  of  the,  660. 
Razoumoffskin,  653. 
Realgar,  411. 
Reaumur's  porcelain,  543. 
Red  copper  ore,  619. 
„  haematite,  761. 
„  lead,  700. 
„   phosphoiiis,  370. 
,,  zinc  ore,  586. 
Refinery  slag,  copper,  613. 
Regular  system,  126. 
Reinscli's  test,  415. 
"Reiset's  first  ba«e,"  chloride  of,  676. 
"  Reiset's  second  base,"  chloride  of,  676. 
Rhodic  chloride,  686. 
,,     nitrate,  687. 
„     oxide,  687. 
,,     sulphate,  687. 
„     sulphite,  687. 
Rhodium,  685. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
687. 

Rhodonite,  747. 
Rhodous  oxide,  687. 

„      sulphite,  687. 
Rhombic  system,  128. 
Rinmann's  green,  773. 
Rock  crystal,  347. 
Roman  alum,  650. 

,,     cement,  532. 
Roseo-cobaltic  chloride,  776. 
Rouge,  762. 
Rubidic  borate,  489. 
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Riibidio  bromide,  488. 

„      carbonate,  488. 

,,      cblorate,  488. 

,,      chloride,  488. 

,,      ditliionate,  489. 

„      hydrate,  488. 

„      iodide,  488. 

,,      nitrate,  488. 

„      perchlorate,  488. 

,,      phitinic  chloride,  488. 

„      sulphate,  489. 
Eubidium,  487. 

,,  general  properties  and  reac- 
tions of  the  compounds  of, 
490. 

Euby,  647. 

artificial,  647. 
Rupert's  drops,  541. 
Euthenates,  694. 
Euthenic  chloride,  692. 
„      hydi-ate,  693. 
„      oxide,  693. 
,,      peroxide,  693. 
„      sulphate,  693. 
„      sulphide,  694. 
Euthenium,  691. 

,,        genei'al  properties  and  reac- 
tions of  the  compounds 
of,  694. 
Euthenous  chloride,  692. 

„       oxide,  692. 
Rutile,  362. 


Sai  aiembeoth,  603. 
Salt-cake  process,  476. 
Saltpetre,  461. 
Salts,  acid,  definition  of,  14. 

„    basic,  definition  of,  15. 

„    definition  of,  14. 

,,    haloid,  definition  of,  14. 

,,    normal,  definition  of,  14. 

,,    oxy-,  definition  of,  14. 

,,    sulpho-,  definition  of,  14. 
Samarium,  669. 
Samarous  chloride,  669. 
oxide,  669. 

Sand,  347. 
Saponite,  654. 
Sapphire,  647. 

„      artificial,  647. 
Satin-spar,  536. 
Saturated  vapours.  111. 
Saturation,  fractional,  Qf. 
Scandium,  669. 
Scandous  oxide,  660. 
Scheele's  green,  624. 
Scheelite,  722. 
Schlippe's  salt,  484. 
Schonitc,  579. 
Schweinfiirt  gi-een,  409. 


Sciences,  classification  of,  2. 
Secondary  action  in  electrolysis,  91. 
Selenite,  536. 
Selenium,  306. 
Seleniuretted  hydrogen,  308. 
Sella'ite,  575. . 
Senarmontite,  422. 
Serpentine,  347. 

„       noble,  347,  .580. 
Silica,  344. 
Silicates,  347. 
Siliceous  calamine,  588. 
Silicic  bromide,  341. 

,,     chloride,  340. 

„    iluoride,  342. 

„    hydride,  338. 

,,    hydrotrichloride,  341. 

„     iodide,  342. 

,,     sulphide,  348. 

,,    trichlursulphhydrate,  348. 
SiUcium,  336. 

Siliciuretted  hydrogen,  338. 
Silicofluorides,  343. 
SiUcon,  336. 

,,     bromoform,  341. 

,,     chloroform,  341. 

,,     iodoform,  341. 
SUlimanite,  653. 
Silver,  499. 

,,    general  properties  and  reactions 
of  the  compounds  of,  514. 

„    glance,  513. 

,,     standard,  504. 
Silvering,  505. 

Sirius,  elements  detected  in,  449. 

Slaked  lime,  532. 

Smalt,  773. 

Soda  alum,  652. 

Soda-ash  process,  476. 

Sodic  aluminate,  648. 

,,     aluminic  chloride,  645. 

,,     amide,  484. 

„     antimonate,  482. 

,,     antimonite,  482. 

,,     argentic  thiosulphate,  512. 

,,     arsenate,  482. 

,,     borate,  483. 

,,     bromate,  475. 

,,     bromide,  473. 

,,     carbonate,  476. 

,,     chloiate,  475. 

„     chloride,  473. 

,,     chromate,  734. 

,,     dichroraato,  734. 

„     di-iridic  cliloride,  683 

,,     ditliionate,  480. 

,,     ferrate,  766. 

,,     fluoride,  473. 

,,     hydrate,  474. 
hydride,  472. 

,,     hyposulphite,  480. 
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Sodic  iodate,  476. 

„     iodide,  473. 

„     iridic  chloride,  684. 

„     iridous  sulphite,  685. 

,,     manganate,  748. 

„     metajAosphate,  482. 

„     molybdate,  716. 

),     nitrate,  475. 

„     nitrite,  475. 

„     oxide,  474. 

„     perchlorate,  475. 

„     periodate,  47C. 

„     permanganate,  750. 

„     perm-auate,  711. 

„     phosjjhate,  481. 

,,     poly  sulphides,  484. 

„     platinic  chloride,  674. 

„     platinous  sulphite,  675. 

„     pyrantimonate,  482. 

„     pyrarsenate,  482. 

„     pyrophosphate,  481. 
„     pyrosulphite,  480, 

„     selenale,  480. 

„     silicate,  483. 
„     silicate  (Yorke's),  347. 
„     silicofluoride,  474. 
„     stannicofluoride,  355. 
„     sulphautimonate,  484. 
„     sulpharsenate,  484. 
„     sulphate,  478. 
„     Bulpkhydi-ate,  484. 
„     sulphite,  480. 
„     sulphide,  484. 
„     sulphostannate,  359. 
„     tellurate,  480. 
„     thiosulphate,  480. 
„     tungstate,  722. 
„     tungsto-tungstate,  723. 
),     ui-anate,  710. 
„     zincic  chloride,  585. 
Soditim,  471. 

„      amalgam,  600. 

„      general  properties  and  reactions 
of  the  compounds  of,  484, 

Solder,  351. 

SoUdification,  suspended,  108. 
Solids,  solubility  of,  117. 
Solubilities,  diagram  of,  118. 
Solubility  of  gases,  115. 
„  liquids,  116. 

„  solids,  117. 

Soluble  soda  glass,  483. 
Solution,  115. 

„       fractional,  97. 
Sombrerite,  537. 
Spathose  iron  ore,  763. 
SpeciQc  gravity,  relation  of  to  chemical 
composition,  80, 

,,     lieat,  44. 

,,     heat  equivalents,  52. 

„      heats,  table  of,  51. 


Spectra  of  gases,  444. 

„      of  solids  and  liquids,  443. 

>,      solar  and  stellar,  447. 
Spectroscope,  441. 
Spectrum  analysis,  441. 

a       ,    "  delicacy  of,  445. 

(Specular  iron  ore,  761. 

..       pig  iron,  755. 
Speculum  metal,  616. 
Speiss-cobalt,  769. 
Spiegeleisen,  755. 
Spinelle,  649. 
Spodumene,  654. 
Stannates,  356. 
Stannic  bromide,  355. 
chloride,  354. 
„     fluoride,  355. 
„     iodide,  355. 
„     oxide,  355. 
„      sulphide,  358. 
„      fluorides,  355. 
Stannous  aorous  stannate,  633. 
..       bromide,  354. 
,,       chloride,  353. 
„       fluoride,  354. 
„       hydrate,  355. 
„       iodide,  354. 

oxide,  355. 
„       stannate,  357. 
„       sulphide,  357. 
Stassfurtite,  580. 
Steatite,  347,  580. 
Steel,  756. 

„     natural,  752. 
„     tempei'ing,  756. 
Stibnite,  427. 
Stolzite,  722. 
Stoneware,  657. 
Strontianite,  526. 
Strontic  bromide,  525. 
„      carbonate,  526. 
,,      chlorate,  526. 
,,      cliloride,  525. 
,,      clu'omate,  735. 
„      dithionate,  527. 
„      fluoride,  525. 
„      hydrate,  526. 
„      iodide,  525. 
„      nitrate,  526. 
„      crthopiiosphate,  527. 
„      oxide,  526. 
„      2^6roxide,  526. 
„      silicofluoride,  525. 
„      sulphate,  526. 
.,      sidphite,  527. 
„      thiosulphate,  527. 
Strontium,  524. 

,,  general  properties  and  reac- 
tions of  the  compounds  of, 
527. 

Struvite,  579. 
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Substitution,  102. 
Sulphanhydride,  moljbdic,  717. 

„  tungstic,  724. 

Sulpliantimonates,  429. 
SulphantimoniteB,  428. 
Siilpharsenatea,  413. 
Sidpharsenites,  413. 
Sulphates,  294. 
Sulphhydrates,  270. 
Sidp  hides,  270. 
Sulphites,  282. 

Sulpho-acids,  definition  of,  12. 
Sulphobismiithites,  436. 
Sulphocarbonates,  276. 
Sulphophosphates,  397. 
Sulphostannates,  359. 
Sidphur,  259. 

„       allotropic  modifications  of,  263. 

„       halogen  compoimds  of,  273. 

„       liver  of,  468. 

„       oxygen  compounds  of,  278. 

„       plastic,  265. 

„       rhombic,  264. 
Sulphuretted  hydrogen,  267. 
Sulphuric  iodide,  274. 

„       oxychlorhydrate,  305. 
„       oxydichloride,  304. 
Sulphm'oiis  chloride,  274. 

,,         oxydichloride,  304. 
Sulphurylic  chlorhydrate,  305. 
Sulphurylic  chloride,  304. 
Sun,  elements  detected  in,  448. 
Superheated  vapoiu's,  111. 
Super  saturation,  120. 
Sylvine,  458. 
Syngenite,  537. 


Tachydbite,  575. 
Talc,  347,  580. 
Tantalum,  415. 

„       compounds  of,  415. 
Tartar  emetic,  423. 
Tellurates,  313. 
Telluretted  hydrogen,  312. 
Telluric  bismuth,  436. 
Tellurites,  312. 
Tellui-ium,  311. 
Tenacity,  460. 
Tenorite,  620. 
Tephroite,  747. 
Terbium,  669. 

Tetrad  elements,  198,  336,  643,  661, 

670,  695. 
Tetradymite,  311,  436. 
Tetrapliosphorous  trisulphide,  396. 
Tetrathallic  hexachloride,  636. 
Thallic  bromide,  636. 

„     chloride,  636. 

„     nitrate,  638. 

„     oxide,  6?6. 


Thallic  sulphate,  638. 

„     sulphide,  639. 
Thallium,  634. 

„  general  properties  and  reac- 
tions of  the  compounds  of, 
639. 

Thallous  bromide,  635. 

,,       carbonate,  637. 

,,       chloride,  635. 

„       fliioride,  635. 

„       hydrate,  637. 

,,       iodide,  635. 

„       nitrate,  637. 

,,       oxide,  636. 

,,       oxyhydrate,  637. 

„       phosphate,  638. 

„       pyrophosphate,  638. 

„       sulphate,  638. 

„       sulphide,  638. 

,,       zincic  sulphate,  638. 
Thenard's  blue,  773. 
Thermochemistry,  99. 
Thick  letters,  use  of,  56. 
Thio-acids,  definition  of,  12. 
Thionylic  chloride,  304. 
Thorite,  365. 
Thorium,  365. 

„       compounds  of,  365. 
Tin,  349. 
„    amalgam,  601. 

„    character  and»  tactions  of  salts  of, 
359. 

„    compounds  of>  352. 
Tincal,  196,  483. 
Tinning,  351. 
Titanates,  362. 
Titanic  chloride,  361. 
„      cyanonitride,  363. 
„      nitride,  363. 
„      oxide,  362. 
„      sulphide,  362. 
Titanium,  360. 

„        compoiuids  of,  361. 
,,        general  character  and  reac- 
tions of,  363. 
Titanous  oxide,  362. 
Tombac,  615. 
Topaz,  654. 

Toughening  coj)per,  613. 
Triad  elements,  188,  665,  627. 
Triads,  72. 
Triamylstibine,  419. 
Triclinic,  system,  129. 
Tridymite,  345. 
Triethylstibine,  419. 
Triethylsulphinic  iodide,  259. 
Triphylinc,  485. 
Triplumbic  totroxide,  700. 
Trititanic  tetranitride,  363. 
Tungstates,  721. 
Tungsten,  718. 
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Tungsten,  general  properties  and  reac- 
tions of  tlie  compounds 
of,  724. 

Tungstic  dioxydibromide,  721. 

„      dioxydicbloride,  721. 

„      liexacbloride,  719. 

„      oxytetracbloride,  721. 
pcntacbloride,  719. 

„  sulpliide,  724. 
Tungsto-tungstates,  723. 
Tungitous  chloride,  719. 

„        oxide,  720. 

„        sulphide,  723. 
Turpeth  mineral,  607. 
Turquoise,  652. 
Type  metal,  697. 


TJlteamaeine,  654. 
Ultramarine,  green,  654. 
Unit  of  heat,  44. 

„    thermpl,  44. 
Uranates,  710. 
Uranic  hydi'ate,  708. 
,,     oxide,  708. 
,,     pentachloride,  707. 
Uranium,  706. 

„       general  pi-operties  and  reac- 
tions of  the  compounds  of, 
711. 
„       mica,  706. 
„       vitriol,  709. 
„      yellow,  710. 
Uranous  bromide,  707. 
„       chloride,  707. 
,,       diuranate,  708. 
„       fluoride,  707. 
,,       hydrate,  708. 
,,       oxide,  708. 
„       phosphate,  709. 
„       sulphate,  709. 
„       sulphide,  711. 
,,       uranate,  708. 
Uranospherite,  711. 
Uranyl,  radical,  708. 
Uranylic  bromide,  708. 
„       chloride,  708. 
„       niti'ate,  709. 
„       pyrosulphate,  709. 
,,       sulphate,  709. 
,,       sidphide,  711. 


Valency,  58. 
Valcntinite,  422. 
Vanadates,  401. 
Vanadinite,  401. 
Vanadium,  399. 
Vanadous  chloride,  400. 

„       oxide,  401. 
Vapour  density,  determination  of,  33. 


Vapour  tension,  110. 
Vapours,  latent  heat  of,  113. 
Verdigris,  622. 
Vermilion,  607. 
Vivianite,  764. 
Volbortbite,  399. 
Volume-symbols,  30. 


Waqnerite,  579. 
Water,  170. 

„      analysis,  546. 

,,     maximum  density  of,  174. 

,,      mineral,  545. 

„      of  eryetallisation,  69. 

„     potable,  544. 

„     temporary  hardness  of,  535. 
Waters,  ammonia  present  in,  553. 

„      average  composition  of  unpol- 
luted potable,  570. 

,,      chlorine  in,  560. 

„      gases  dissolved  in,  547. 

„      hardne.'s  of,  560. 

„      mineral  matters  in  suspension 
in,  565. 

„      natural,  impurities  occurring 
in,  544. 

„      nitrogen  as  nitrates  and  nitrites 

in,  554. 
„      organic  carbon  in,  550. 
.    „      organic  matter  in  suspension  in, 
565. 

,,      organic  nitrogen,  551. 

„      potable,  classification  of,  567. 

„      potable,  dangerous,  559. 

„      potable,  safe,  559. 

„      potable,  suspicious,  559. 

„  previous  sevrage  or  animal  con- 
tamination in,  556. 

,,      total  combined  nitrogen  in,  555. 

„  total  solid  matters  dissolved  in, 
549. 

Wavellite,  652. 

Weights  and  measures,  130. 

Weldon's  process  for  the  regeneration 

of  manganic  peroxide,  745. 
Wernerite,  654. 
White  arsenic,  407. 

„     lead,  701. 

„     lead,  Dutch  process  of  manu- 
facturing, 702. 
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ERRATA. 

Piige     9,  line  13,  from  top,      after  iodine  add,  generally  termed  the  halogens. 
„     81,    ,,  11,     ,,    bottom, /or  equivalent  read  molecular. 
„   610,    „  10,     „    top      for  mercurodiammonic  read  mercm-idiammonic. 

PO('Al"'„Ho40.)"~, 
„  652,    „     3,    „    bottom,/orPO('Al"'2Ho402)"— ('Al"'„Ho303)'",90H2re«(Z 

PO('Al"'„Ho,0.,)"--l         -     ^  ^'  ' 

P40('Al"'„Oo)-'3,120Ho. 
,,   679,  lines  5,  12,  and  15  from  top,/o?'  palladous  read  palladium. 
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Formula.     (Vol.  II.  of  Churchill's  Technological  Handbooks.)  With 
Engravings.  ....  Crown  Svo,  5s. 

Also 

ACETIC  ACID,  AMMONIA,  AND  ALUM.  (Vol.  III.  of 
Churchill's  Technological  Handbooks.)    With  Engravings. 

Crown  Svo.    In  the  Press. 

y.  F.  Royle  and  J.  Harley 

ROYLE'S  MANUAL  OF  MATERIA  MEDICA  AND 
THERAPEUTICS.  Sixth  Edition.  By  John  Harley,  M.D.,  F.R.C.P. 
With  139  EngravingSi  .  .  .  Crown  8vo,  15  s. 


"This  Manual  is,  to  our  minds,  unrivalled 
in  any  language  for  condensation,  accuracy, 


and  completeness  of  information," — BritisJi 
Medical  "journal. 


C.  D.  F.  Phillips 

MATERIA  MEDICA  AND  THERAPEUTICS:  By  CHARLES 
D.  F.  Phillips,  M.D.,  F.R.S.  Edin. 
Vol.  I. — Vegetable  Kingdom  .  Svo  155. 

Vol.11. — Inorganic  Substances  .         •  •  8vo,' 2is. 
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ProSsor  of  IVrYt^  H  Sir  ^""^fyi^^"'^ '  JOHN  M.  Maisch,  Phar.  D., 
Sarmacv^^T^^^^^^  ^^"'^^^  Philadelphia  College  of 

inarmacy.    Third  Edition,  with  311  Engravings.    i,7S5  PP-     •  8vor36s. 


C.  Binz 

'^^\!tfeAct^^^n^  OF  THERAPEUTICS.  A  Clinical  Guide 
to  the  Action  of  Drugs.  By  C.  BiNZ,  M.D.,  Professor  of  Pharmacology  in 
the  University  of  Bonn.  Translated  and  Edited  with  Addkk,ns  in 
f  °SpaTk?  V\  Pi  ""T}  'T/.^™-"-^-"  Pharmacopoeias,  by  EdwIrb 
know  ^•^•^•P->  M.A.,  M.B.  Oxon.,  formerly  Radcliffe  TraveHing 
^  ^         _        '  •  •  •  •         Crown  8vo,  8s.  6d. 

nf"w*!n^tpr  wil?^'  ^''i^  translation  represents  a  new  edition,  a  considerable  amount  of 
PrlTsor  Wn.  I  /  not^  appear  in  the  fifth  German  edition  having  been  added  by 
Spfvlwl,  ^'  f'if.^'^ber  of  errors  which  occurred  in  the  latter  having  been  corrected! 
Neaily  the  whole  of  the  proof  sheets  have  been  read  and  revised  by  Professor  Binz 


y.  C.  Thorowgood 

THE  STUDENT'S  GUIDE  TO  MATERIA  MEDICA  AND 

THERAPEUTICS,  in  accordance  with  the  British  Pharmacopoeia.  By 
J°  u^S-T^°^°'^^°°°°'  Lond.,  F.R.C.P.,  Lecturer  on  Materia  Medica 
at  the  Middlesex  Hospital.  Second  Edition,  with  Engravings.  Fcap.  8vo,  7s. 

"  Students  can  hardly  hope  for  a  more  serviceable  itxi-hodk."— Practitioner. 


A.  Wahltuch 

A  DICTIONARY  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS.   By  Adolphe  Wahltuch,  M.D.      .      .      Svo,  los.  5d. 

*♦*  The  purpose  of  this  work  is  to  give  a  tabular  arrangement  of  all  drugs  specified  .in 
the  British  Pharmacopoeia  of  1867.  Every  table  is  divided  into  six  parts  :— (i)  The 
Name  and  Synonyms ;  (2)  Character  and  Properties  or  Composition  ;  (3)  Physiological 
Effects  and  Therapeutics ;  (4)  Form  and  Doses;  (5)  Preparations ;  (6)  Prescriptions. 
Other  matter  elucidatory  of  the  Pharmacopoeia  is  added  to  the  work. 

"  A  very  handy  book," — Lancet. 


THE  PRESCRIBER'S  PHARMACOPCEIA  The  Medicines 
arranged  in  Classes  according  to  their  Action,  with  their  Composition 
and  Uoses.    By  A  Practising  Physician.    Fifth  Edition. 

Fcap  32mo,  cloth,  2s.  6d.;  roan,  with  flap  and  elastic  band,  3s.  6d. 
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/.  Owen 


MATERIA  MEDICA  ;  a  Manual  for  the  Use  of  Students.  B) 
ISAMBARD  Owen,  M.D.,  Lecturer  on  Materia  Medica  and  Therapeutics 

to  St.  George's  Hospital  Crown  8vo,  6s. 

*  *  The  contents  of  the  former  "  Tables  of  Materia  Medica, of  which  five  editions 

were  called  for  in  eight  years,  are  incorporated,  in  a  revised  form,  m  the  present  Manual. 


S,  Proctor 

LECTURES    ON    PRACTICAL  PHARMACY. 

By  Barnard  S.  Proctor,  formerly  Lecturer  on  Pharmacy  at  the  College 
of  Medicine,  Newcastle-on-Tyne.  Second  Edition.  With  44  Wood 
Engravings  and  32  Lithograph  Fac-Simile  Prescriptions       .       8vo,  14s. 


J.  Pereira 

SELECTA  PRESCRIPTIS.  Selections  from  Physicians' 
Prescriptions,  Containing  Lists  of  Terms,  Phrases,  Contractions,  Abbrevia- 
tions, Grammatical  Construction,  Rules  for  Pronunciation,  Vocabulary,  &c. 
With  a  Series  of  Abbreviated  Prescriptions  and  Key  to  the  same,  with 
Translations.  For  the  Use  of  Students.  By  Jonathan  Pereira,  M.D., 
F.R.S.    Seventeenth  Edition.     ....      24mo,  5s. 


J.  Steggall 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS 
preparing  for  Examination  at  the  Pharmaceutical  Society.  By  John 
Steggall,  M.D.    Third  Edition  i8mo,  3s.  6d. 

Squire 

COMPANION    TO    THE    BRITISH  PHARMACOPCEIA 

(latest  Edition),  comparing  the  strength  of  its  various  preparations  with 
those  of  the  United  States,  and  other  Foreign  Pharmacopoeias,  to  which 
are  added  Non-ofhcial  Preparations,  and  Practical  Hints  on  Prescribing ; 
also  a  Tabular  Arrangement  of  Materia  Medica  for  Students,  an  Appendix 
containing  Articles  employed  in  Chemical  Testing,  and  Analyses  of  the 
Principal  Spas  of  Europe.  By  Peter  Squjre,  F.L.S.,  formerly  President 
of  the  Pharmaceutical  Society,  assisted  by  his  Sons  P.  W.  Squire  and  A.  H. 
Squire.   Thirteenth  Edition  8vo,  los.  6d. 

By  the  same  Author 
PHARMACOPCEIAS    OF  THE    LONDON  HOSPITALS. 

Fifih  Edition.   Fcap  8vo.    In  the  press. 

Mr.  Squire  has  collected  all  the  Formulae  used  in  twenty-five  of  the  principal 
Hospitals  of  London,  and  arranged  them  in  groups  for  comparison.  These  Formulre 
were  revised  and  approved  by  the  medical  staff  of  each  of  the  Hospitals,  and  may 
therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose  and 
best  menstruum  in  prescribing.  The  Diet  Tables  of  the  various  Hospitals  are  also 
included. 
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B.  Smith 

PHARMACEUTICAL    GUIDE   TO   THE   FIRST  ANn 

|ECOND_  EXAMINATIONS,    By  JoH»  ^s'J?f„^  tfo^i 

Crown  8vo,  6s.  6d 

FIRST  AND  SF.COND  EXAMINATIONS 

Latin  Grammar-Fractions  -  Metric  System  _  Materia  Medica  -  Botany 
—Pharmacy-Chemistry— Prescriptions.  ^oiany 


A.  S.  Taylor 

POISONS    IN   RELATION  TO  MEDICAL  TURIS- 

If^v'}''''^  ^S''.''??'*^^'^^-         ^^^^^^  S.  TAYLOR,  M.D^RR.S., 
late  Professor  of  Medical  Jurisprudence  to  Guy's  Hospital.   Third  Edition 
with  104  Engravings  Crown  8vo,  i6s! 


W.  Stowe 

A  TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 
Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions' 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe 
M.R.C.S.E.   Thirteenth  Edition .      .      .      .      Sheet,  2s. ;  Roller,  53! 


H.  Beasley 

THE     POCKET     FORMULARY   AND  SYNOPSIS 

OF  THE  BRITISH  AND  FOREIGN  PHARMACOPCEIAS  :  Compris- 
ing Standard  and  approved  Formula;  for  the  Preparations  and  Compounds 
employed  in  Medical  Practice.    By  Henry  Beasley.    Tenth  Edition. 

i8mo,  6s.  6d. 

By  the  same  Author 
THE    DRUGGIST'S    GENERAL  RECEIPT-BOOK: 

Comprising  a  Copious  Veterinary  Formulary,  Numerous  Recipes  in 
Patent  and  Proprietary  Medicines,  Druggists'  Nostrums,  &c. ;  Perfumery, 
and  Cosmetics ;  Beverages,  Dietetic  Articles  and  Condiments ;  Trade 
Chemicals  ;  Scientific  Processes ;  and  an  Appendix  of  Useful  Tables. 
Eighth  Edition         ........      iSmo,  6s.  6d. 

Also 

THE  BOOK  OF  PRESCRIPTIONS  :  Containing  upwards  of 
3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons,  English  and  Foreign.  Comprising  also  a  Com- 
pendious History  of  the  Materia  Medica,  Lists  of  the  Doses  of  all  Official 
or  Established  Preparations,  and  an  Index  of  Diseases  and  Remedies. 
Sixth  Edition  iSmo,  6s.  6d. 


"  Mr.  Beasley's  '  Pocket  Formulary, ' 
Druggist's  Receipt-Book,'  and  '  Book  of 
Prescriptions'  form  a  compact  library  of 


reference  admirably  suited  for  the  dispens- 
ing desk." — Chemist  and Dru^giit. 
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THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 
TIONS.   Published  weekly.  Price  4d.  Annual  subscription,  post  tiee,  20s. 

THE  YEAR-BOOK  OF  PHARMACY:  Containing  the 
Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a  Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers,  new  Processes,  Preparations,  and  b  ormuiEe 
published  throughout  the  world.    Published  annually  m  December. 

8vo,  1873,  '74,  '75,  '76,  '77,  '78,  '79,  '80,  '81,  '82,  '83-ios.  each  volume. 


G.  C.  Wittstein 

PRACTICAL     PHARMACEUTICAL    CHEMISTRY:  An 

Explanation  of  Chemical  and  Pharmaoeutical  Processes  ;  with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments. By  Dr.  G.  C.  Wittstein.  Translated  from  the  Second  German 
Edition  by  Stephen  Darby  i8mo,  6s. 

"  It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner,  for  the 
completeness  of  its  explanations,  by  following  which  he  will  become  well  grounded 
in  practical  chemistry." — From  the  Introdtictioii  by  Dr.  Buchner. 

R.  V.  Tiison 

A  PHARMACOPCEIA,  INCLUDING  THE  OUTLINES  OF 

MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac- 
titioners and  Students  of  Veterinary  Medicine.  By  Richard  V.  TUSON, 
F.C.S.,  Professor  of  Chemistry,  Materia  Medica  and  Toxicology  at 
the  Royal  Veterinary  College.    Third  Edition        .      .  Post  8vo,  7s.  6d 


"Not  only  practitioners  and  students  of 
veterinary  medicine,  but  chemists  and 
druggists  will  find  that  this  book  supplies  a 


want  in  veterinary  literature." — Chemist 
afid  Druggist. 


G.  Armatage 

THE  VETERINARIAN'S  POCKET  REMEMBRANCER: 

being  Concise  Directions  for  the.  Treatment  of  Urgent  or  Rare  Cases, 
embracing  Semeiology,  Diagnosis,  Prognosis,  Surgery,  Therapeutics, 
Toxicology,  Detection  of  Poisons  by  their  Appropriate  Tests,  Hygiene,  &c. 
By  George  Armatage,  M.R.C.V.S.    Second  Edition.    .    Post  8vo,  3s. 


W.  Williavis 

THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 
MEDICINE.  By  William  Williams,  F.R.C.V.S.,  F.R.S.E.,  Principal, 
and  Professor  of  Veterinary  Medicine  and  Surgery  at  the  New  Veterinary 
College,  Edinburgh.  Third  Edition,  with  Supplement,  several  Coloured 
Plates  and  Woodcuts.  ....  8vo.  30s* 

By  the  same  Author 

THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 
SURGERY.    Fourth  Edition.    With  Plates  and  139  Woodcuts. 

8vo,  30s. 
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R.  Bentley  and  H.  Trivien 
MEDICINAL    PLANTS:    being  Descriptions  with  OnVinal 

^Z   ■.^i^^^  .'r^.•^■'   F.L.S.,   Lecturer  on  Botanv  in   St  Marv's 


Bentley 

A  MANUAL  OF  BOTANY:  Including  the  Structure,  Func- 

BTNkEy''frS°"'pJ'°P'"^1'  .""'^  "-^^^  °^  P^^"^^-  By 'ROBERT 
^ENTLEY,  ,J^.L.S.,  Professor  oT  Botany,  King's   College   ar^d  to  the 

Pharmaceutical  Society.     Fourth  Edition,  with  1,185  EngJ^vings. 

Crown  8vo,  15s.. 

^j/  the  same  Author 

.^'^^^^^'^'S  '^UIDE  TO  STRUCTURAL,  MOR- 
PHOLOGICAL. AND  PHYSIOLOGICAL  BOTANY  Wih  660 
^"g'^avings  ....  Fcap.  8vo,  7S.  6d 

Also 

THE  STUDENT'S  GUIDE  TO  SYSTEMATIC  BOTANY, 
including  the  Classification  of  Plants  and  Descriptive  Botany.  With 
357  Engravings         ....        Fcap.  8vo,  3s.  6d. 


W.  B.  Carpenter 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  By 
W.  B.  CARPENTER,  C.B.,  M.D.,  F.R.S.  Sixth  Edition,  with  26  Plates, 
502  Wood  Engravings,  and  a  Coloured  Frontispiece    .     Crown  8vo.,  i6s. 

***  The  author  has  aimed  to  combine  within  a  moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
qualify  him  to  comprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 


THE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 
SCIENCE.  (Established  in  1852.)  Edited  by  E.  Ray  Lankester,  M.A., 
F.R.S.,  F.L.S.,  Professor  of  Zoology  in  University  College,  London  ;  with 
the  co-operation  of  W.  T.  Thiselton  Dyer,  M.A.,  F.R.S.,  F.L.S., 
E.  Klein,  M.D.,  F.R.S.,  H.  N.  Moseley,  M.A.,  F.R.S.,  F.L.S.,  and 
Adam  Sedgwick,  M.A.    Annual  Subscription,  40s. ;  Single  Numbers,  los. 

*  *  Most  of  the  Memoirs  are  illustrated  by  Woodcuts  and  Lithographic  Plates,  many 
being  Coloured.  The  Journal  contains,  in  addition,  Notes  and  Memoranda,  Reviews  of 
Books,  Quarterly  Chronicle,  and  Proceedings  of  Societies, 
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Marsh 


SECTION    CUTTING :    a  Practical  Guide  to  the  Preparation 
and  Mounting  of  Sections  for  the  Microscope  special  pror^^^^^ 
given  to  the  subject  of  Animal  Sections.    By  Dr.  Sylvester  Marsh. 
BecondEdition,  with  17  Engravings  .       .      •      •      f  cap.  bvo,  3s.  oa. 


J.  H.  Martin 

A  MANUAL  OF  MICROSCOPIC  MOUNTING;  with  Notes 
on  the  Collection  and  Examination  of  Objects.    By  JOHN  H.  MARTIN, 
Member  of  the  Society  of  Public  Analysts,  author  of  "  Microscopic  Objects 
Second  Edition.    With  150  Engravings      ....       8vo,  7s.  6d. 
*  *  The  aim  of  this  work  is  to  supply  the  student  with  a  concise  manual  of  the  prin- 
ciplcs  of  microscopic  mounting,  and  to  assist  his  progress  in  the  manual  dexterity,  as  far 
as  illustrations  and  words  render  it  possible,  necessary  in  their  apphcation, 


J.  Fayrcr 

THE  THANATOPHIDIA  OF  INDIA;  being  a  Description 
of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a  Series  of  Experiments.  By 
Sir  J.  Fayrer,  K.C.S.I.,  LED.,  M.D.,  F.R.S.,  Physician  to  the  Secretary 
of  State  for  India  in  Council  ;  late  President  of  the  Asiatic  Society  of 
Bengal,    Second  Edition,  with  31  Plates  (28  Coloured)     .     Folio,  7/.  7s. 

J,  Ewart 

THE  POISONOUS  SNAKES  OF  INDIA.  Compiled  by 
Joseph  Ewart,  M.D.,  F.R.C.P.,  Surgeon-Major  in  the  Bengal  Army, 
President  of  the  Snake  Poison  Commission.   With  21  Plates  (19  being 

Coloured)   Crown  4to,  31s.  6d. 

 0  

A.  Chauveati  and  G.  Fleming 

CHAUVEAU'S  COMPARATIVE  ANATOMY  OF  THE 
DOMESTICATED  ANIMALS.  Translated  from  the  Second  French 
Edition,  and  Edited  by  George  Fleming,  F.R.G.S.,  Veterinary  Surgeon, 
Royal  Engineers  ;  Author  of  "  Travels  on  Horseback  in  Mantchu  Tartary," 
"Horse-shoes  and  Horse-shoeing,"  "Animal  Plagues,"  etc.  With  450 
Engravings  .....        8vo,  31s,  6d. 

"  Mr.  Fleming  has  earned  the  gratitude  of  the  whole  of  his  profession  by  presenting  to 
the  veterinary  surgeon  and  student,  in  an  English  dress,  one  of  the  best  and  most  com- 
prehensive of  Continental  text-hooks,  enriched  with  additions  which  prove  him  to  have 
been  a  conscientious  student  of  the  best  writers  on  the  Comparative  Anatomy  of  the 
Mammalia.  .  .  We  have  nothing  but  praise  to  bestow  on  the  manner  in  which 
Mr.  Fleming  has  performed  his  v^ox\:'— Medico- Chimrgical  Revtew. 

y.  Shea 

A  MANUAL  OF  ANIMAL  PHYSIOLOGY.  With  Appendix 
of  Examination  Questions.  By  JOHN  Shea,  M.D.,  B.A.  Lond.  With 
numerous  Engravings  Fcap  8vo,  55.  6d. 
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T.  H.  Huxley 

A  MANUAL  OF  THE  ANATQMY  QP  INVFRTFRR  A-rTrr. 
ANIMALS.   By  Prof,  Hv...y,  ii.uJls''^:^S.%'^f,f:;Ii'' 

Fcap  8vo,  1 6s. 

By  the  same  Author 
^  =^S^  VERTEBRATED 

°        5^       •       •       ♦       .       rcapbvo,  I2S. 
W.  M.  Ord 

NOTES  ON  COMPARATIVE  ANATOMY :  a  Syllabus  of 

Crown  8vo,  5s. 


y.  R.  Greene 

TABLES  OF  ZOOLOGY :  indicating  the  Tribes,  Sub-Orders, 
Orders,  and  Higher  Groups  of  the  Animal  Kingdom,  for  Students  Lec- 
turers, and  others.    By  J.  Reay  Greene,  M.D.,  late  Professor  of  Natural 
History  m  the  Queen's  University  in  Ireland.     Three  large  sheets  cs 
the  set ;  or,  mounted  on  canvas,  with  roller  and  varnished  .      .  12s'.  6d! 
**  These  Tables  have  been  carefully  prepared  in  accordance  with  the  present  state  of 
science,  and  with  a  view  to  remove  the  difficulties  which  arise  from  the  various  opinions 
held  by  different  zoologists,  ^ 

A.  Wilson 

THE  STUDENT'S  GUIDE  TO  ZOOLOGY: 
A  Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilson 
Author  of  Elements  of  Zoology,"  and  Lecturer  on  Zoology,  Edinburgh! 
With  Engravings  Fcap  8vo,  6s.  6d. 


F.  Kohlransch 

AN  INTRODUCTION  TO  PHYSICAL  MEASUREMENTS. 
With  Appendices  on  Absolute  Electrical  Measurement,  etc.    By  Dr.  F. 
KOHLRAUSCH,  Professor  in  Ordinary  at  the  University  of  Wlirzburg. 
Second  Edition.    Translated  from  the  Fourth  German  Edition  by  T.  H 
Waller,  B.A.,  B.Sc,  and  H.  R.  Procter,  F.C.S.    With  37  Engravings.  ' 

Svo,  15s. 

G.  F.  Rodwell 

NOTES     ON     NATURAL  PHILOSOPHY 
Lectures  delivered  at  Guy's  Hospital,   by  G,  F.  Rodwell,  F.R.A.S., 
Science  Master  in  Marlborough  College.    With  48  Engravings. 

Fcap  Svo,  5s. 

'  Notes '  chiefly  consist  of  lucid  and  con- 
cise definitions,  and  everywhere  bristle  with 
the  derivations  of  scientific  terms." — 
Na-Htre. 


"  As  an  introductory  text-book  for  this 
Examination  [the  Preliminary  Scientific 
(M.B.)  of  the  University  of  London],  it  is 
quite  the  best  one  we  have  seen  ,    ,  The 
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L»  Pftcc 

A    MANUAL   OF    PHOTOGRAPHIC  MANIPULATION. 
Bv  Lake  Price.     Second  Edition,  with  numerous  Engravings. 
■'  Crown  ovo,  os.  oa. 

*  ♦  Amongst  the  Contents  are  the  Practical  Treatment  of  I'o'^traits-Groups  in  the 
Studio-Landscapes-Groups  in  Open  Air— Instantaneous  Pictures— Ajiimals—Arcmtec 
ture-Marine  Su^ects-Still  Lifelcopying  of  Pictures  Prints,  Drawings  Manu^^^^^^^^^^ 
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